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General Description of the Software 

A powerful computer-aided calculation software package called MDESIGN is included with 
each purchase of this book. A total of 66 modules divided among 15 categories make up the 
complete package, outlined in the Introduction to the software. The software is an updated 
version of one that first appeared in the 4th edition of Machine Elements in Mechanical Design. 

The software was created by TED AT A, GMBH, a German company that has a long 
history of producing such software for professional use throughout Europe and many other parts 
of the world. The version included with this book has 32 modules that have general applicability 
or that were produced specially for the book, following the analysis and design methods 
presented in the book, most of which are patterned on methods and standards commonly used in 
the United States. The other 34 modules were developed primarily for use by professionals and 
conform to common practice in Europe as represented by DIN standards, VDI publications, and 
the popular reference book on machine elements often called RolofifTMatek Machine Elements, 
written by Herbert Wittel, Dieter Muhs, Dieter Jannasch, and Joachim Vobiek and published by 
Vieweg+Teubner, Wiesbasen, Germany, 2009. 

Identification of the two types of MDESIGN modules listed in the Introduction to the 
software: 

• The list identifies the 32 modules most closely aligned with this book by the symbol 
The chapter and section of the book most relevant to each module is indicated. The text 
includes several sections where a special icon appears to indicate that the use of 
MDESIGN is pertinent to that topic. 

• The other 34 modules are denoted by the symbol ® and are more closely aligned to 
European standards. They may use terminology, notations, and symbols unfamiliar to 
those experienced primarily in U.S.-based practices. 

It is important to note that the inclusion of this extensive and diverse set of modules can 
be useful to users of this book throughout the world as a means of expanding the breadth of 
knowledge of design practices in different regions. Furthermore, many users of the book are 
likely to engage in projects with industrial companies, design services, consultants, and 
university faculty members from many parts of the world and having these modules available 
can aid in communicating across traditional geographic boundaries and between different 
technical cultures. 

Advice on Use of the MDESIGN Software 

The following comments are directed primarily to those using this book as a learning tool either 
in college and university degree programs or in professional self-study. 
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The author’s approach to the inclusion of calculation aids within initial learning of 
technical subject matter is: 

• Users of computer software and calculation aids must have solid 
understanding of the relevant principles of design and stress analysis to 
ensure that design decisions are based on reliable foundations. 

• Software should be used only after mastering a given design methodology by 
careful study and practicing manual techniques. 

• Then, data with known results can be applied to the software as a check on 
the understanding of the program’s input data requirements, symbols and 
notation used, limits on the range of acceptable data, and analysis methods. 

• Only then should users rely on implementation of design decisions based on 
output results from the software. 


General HELP for Running MDESIGN 

An extensive 123-page help file can be accessed from the main menu ribbon. 
Particular attention should be paid to the Graphical User Interface section on pages 
33-39 for those few modules dial permit graphical data input. 


Recommended Primary Uses for MDESIGN Software with this Book 

Upon launching the MDESIGN software package, reading the Introduction, and opening the 
software, the left side of the initial screen will include the list of 1 5 categories of modules. Each 
category name is preceded by a plus-sign (+) that, when selected, yields the list of modules in 
that category. Double-clicking will open any selected module. Alternatively, you can right click 
and select Open. 

The 32 modules most closely aligned with the presentations in the book, identified by the 
symbol in the Introduction, are obviously those that should be considered first for 
incorporation into courses and individual study. Pertinent sections of the book for which these 
modules may be useful are indicated by the graphic symbol in the left margin. 


Particularly for design projects and where multiple trials for design decisions are to be 
expected and where the large catalogs of data in MDESIGN can be accessed, the following 
modules enable learners to try many options in a short amount of time after learning the basic 
fundamentals. The following modules serve well these purposes. 


Beam Calculations 
Statically determinate beams 
Statically indeterminate beams 
Helical Compression Springs 
Helical Extension Springs 
Helical Torsion Springs 


Column Analysis 
Column Design 
Ball and Roller Bearings 
Plain Suiface/Joumal Bearings 
Clutches and Brakes (5 modules) 
Combined Stresses/Mohr’s Circle 


ISO Fit System 
Parallel Keys 
V-belts 

Synchronous Belts 
Roller Chains 
Shafts-U.S. Standards 
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Certainly, in an academic learning situation, instructors must enforce expectations on when and 
where use of the MDESIGN software is accepted, expected, or prohibited. 


The process for using any module should be as follows: 

1 . Open the relevant module and read the General Text Help screen in the lower left part of 
the opening page. This outlines the basic functions of the module, shows the technical 
bases for the analyses performed, and identifies relevant references, terms, and symbols. 
Be aware that for some modules, the text help has been translated from the original 
German language and the result may not be in adequate standard English. 

2. Use the pull-down menu on that screen to peruse what other textual aids are included. 
These often elaborate on design approaches by, 

a. Explaining unfamiliar terms 

b. Stating typical units for input data or results 

c. Setting acceptable limits on values of certain variables 

d. Providing tables of data from which some input data must be selected by the user 

3. Observe the graphic aids in the lower right of the opening page, again scrolling among all 
available topics. Some of these can be accessed directly from the Input page. 

4. Peruse the data required for the input screen. Open any available help icons for text, data, 
or “choice” options to determine requirements or available options. 

5. Under the Tools tab on the main menu ribbon, select the pull down menu on the 
Measures System icon and select U.S. System, Metric System, or All Systems. These 
choices set the primary units in which data are to be entered and for which output results 
will be shown. In any case, you have the option to change units for any item by passing 
the cursor over the unit and pulling down the local menu. 

a. Pay special attention to the precision of results data shown on the Output pages. 
At times, only one or two significant figures of accuracy are displayed and that 
may not be adequate for your use. You may be able to select a smaller unit that 
will show higher precision. For example if a length of diameter measurement 
shows 6.0 in, selecting the mil unit (0.001 — thousandths) may show 6075 mils, 
indicating 6.075 in. 

b. Note that the standard European Metric system uses the comma rather than the 
decimal point for separating digits in floating point calculations. For example. In 
the U.S. system a number may be 12.456; in Metric it will appear 12,456. 

6. When all data are entered, select the Calculation tab on the main menu or, simply, press 
the F10 key on the keyboard to initiate the module’s calculations. Note the following: 

a. In some modules, intermediate data entry screens pop up for which some initial 
calculations have generated data on which subsequent design decisions are based. 
You are asked then to make the final decision before the complete results are 
found. 
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b. After a short time for completing the calculations (typically only a few seconds), 
select the Output Page option at the upper left of the data page to see results. 

c. Carefully evaluate results for reasonableness and check that proper units have 
been selected. 

d. Some modules include internal checks on output to assess acceptability, with 
unacceptable results shown in RED. If that occurs, you must return to the Input 
Page and change design decisions, recalculate results, and re-evaluate their 
acceptability. 

e. Consider the degree of optimization of any particular result and, where possible, 
make adjustments to hone into a more optimum design. It is typical for 
mechanical design analyses to require proposing and analyzing several 
alternative solutions to achieve the most efficient and effective design. 

7. When the final result has been found, use the Print command to print out both the Input 
Page and the Output Page. It is essential for an instructor or a client to see complete 
records of the data used along with the results. 


Descriptions of Selected Modules 


The following sections describe certain topics from this book for which the use of MDESIGN is 
particularly pertinent. Suggestions for applying the modules are also given, but practice with 
known data is a good way to gain skill at entering data and seeking optimum results. Use of data 
taken from Example Problems from the text is highly recommended. However, there may be 
slight differences between results in book problems and those from MDESIGN because of 
rounding of numbers and slightly modified ways of making calculations. 


Combined Stress and Mohr’s Circle - Chapter 4 


Module group: Shafts, Axles, and Beams. This module solves problems of the type featured in 
Sections 4-4 and 4-5 of the text in which data for applied normal and shear stresses in one plane 
are known and the program computes the maximum principal stress, the minimu m principal 
stress, and the maximum shear stress. The complete Mohr’s circle and the pertinent stress 
elements are also developed and included in the output 


Columns — Chapter 6 - Two modules: Column Analysis and Column Design 


Module group: Shafts, Axles, and Beams. These modules follow closely the methodology used 
in the text for applying the Euler formula for long columns and the J. B. Johnson formula for 
short columns to either analysis or design problems. Loading can be either central or eccentric 
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and both straight and crooked columns can be analyzed. Problems of the types shown in the text 
in Example Problems 6-1 to 6-6 


Belt Drives and Chain Drives - Chapter 7 - Three modules: V-Belts, U.S. Standards, 
Synchronous Belts, and Roller Chains ISO 10823 


Module Group: Belt-, Chain Drives: These modules are pertinent to Sections 7-4 to 7-7. Each 
module contains large databases of commercially available products that can be selected for 
designs of power transmission drives. It is recommended that the use of this module be combined 
with student use of actual online catalogs of belts, sheaves, chains, and sprockets to specify part 
numbers and model numbers that can be specified for purchase. 

• Comments: V-Belts, U.S. Standards: This module is pertinent to Section 7-4 in the text. 
Data entry and calculations are modeled after the method demonstrated in the book in 
Example Problem 7-1. Users are given options for selecting the belt size (3 V, 5 V, or 8V) 
and Figure 7-9 is used by the program to suggest a choice, which may be overridden by 
selecting another size. Selections for ‘Driver’ and ‘Driven machine’ types are identical to 
those used in Table 7-1 in the text. A design value for center distance is selected by the 
user after being given nominal minimum and maximum values. Then the user is 
presented with a set of optional combination of sheave sizes from which one must be 
chosen. That design is then evaluated and output data show the results. Iterations can be 
done easily by restarting die calculation and making modified selections. 

• Comments: Synchronous Belts: This module approximates the methodology described 
in Section 7-5 of the text. Belts of the styles shown in Figure 7-1 8, both metric and U.S. 
sizes, are selected and analyzed by the program. Most data are shown in metric units for 
either style, although pull-down menus permit some features to be shown in U.S. units. 
The program is quite powerful, allowing multiple pulleys to be driven by one belt in 
serpentine arrangement Most applications in this book will include two and only two 
pulleys. Data are input in tabular style and some practice may be required to become 
familiar with the details. It is recommended that the center of the driver pulley (No. 1) be 
positioned at x = 0, y = 0 on the coordinate system shown in the graphic aids. Then 
position the center of the driven pulley (No. 2; called a ‘jockey pulley’ in the module) at 
x = desired center distance and y = 0. Entering 0° for the ‘Displacement angle’ will place 
the driven pulley to the right of the driver pulley. Enter 0 values for the ‘max effective <|>’ 
for each pulley and select ‘wi thin ’ for the ‘Location’ because the pulleys axe positioned 
within the belt. For loads, it is normal to specify the power input to pulley 1 and the 
power output from pulley 2 to be equal and positive numbers. For U.S. data, select ‘hp 
US’ as the unit for power. Then leave the ‘Torque’ and ‘Tangential force’ entries as zero. 
The ‘Load Factor’ should be obtained from Table 7-1 (the same table as used for V-Belt 
drives). Then start the calculation. You will be presented screens offering choices for belt 
style, belt length, and belt width and you would normally select the n ominal value offered 
for initial trials. Other values can be tried for subsequent trials until a satisfactory design 
is achieved. 
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• Comments: Chain Drives - Roller Chains ISO 10823: This module is pertinent to 
Section 7-7 of the text. It uses an ISO standard approach to the selection of chain drives 
that produces recommend chain sizes from ISO 606 as shown in Table 7-6 of the text. 
These sizes are identical to standard U.S. sizes for chain pitch as shown in the table. The 
performance analysis may differ slightly from the methods shown in the text. When using 
U.S. units for input data, ensure that Power is in ‘hp US’ and that units for other pertinent 
input and output data are expressed in the desired units, typically rpm for rotational speed 
and inches for dimensions. Selecting first the input page option: ‘Selection and 
calculation of one chain’ will result in a selection table being presented with options for 
different chain pitches and number of strands. Each design will list the rated power of the 
drive and the ‘Utilization’ (the value of the required corrected power to the rated power 
of the design, expressed as a percentage). The ‘Application factor to allow for the 
operating conditions,./}, is similar to the ‘Service factors’ shown in the book in Table 7- 
10. It is recommended that users select the option ‘Allow adjustment of factors fi and fi 
(Yes). Then manually enter the service factor for f and set fi = 0. This will match most 
closely to the methods used in the text. Common U.S. practice generally does not use a 
‘Factor for number of teeth on drive sprocket’ {fi). 


Keys and Keyseats - Chapter 11 


Module group: Shafts-Hub Connections: This module performs the calculations as described 
in Section 11 -4 in the text, similar to Example Problem 11-1. Also included are calculations for 
the dimensioning variables Y, S, and T from Figure 1 1-2. Users enter the shaft diameter and 
either the torque of the combination of power and rotational speed. The yield strength of the key, 
shaft, and hub are entered or can be selected from a list of possible materials. After specifying 
the design factor to be used, the module produces the calculated results. 


Rolling Contact Bearings - Chapter 14 


Module group: Roller Bearings - Ball and Roller Bearings: The primary features of this 
module and its use are described in Section 14-1 1 of the text. The module provides access to a 
prominent manufacturer’s entire catalog for many types of bearings. 


Plain Surface Bearings - Chapter 16 


Module group: Journals - Plain Surface/Journals, US Standards: This module is patterned 
after Section 16-5 of the text - Design of Boundary-Lubricated Bearings. Problems of the types 
shown in Example Problems 16-1 and 16-2 are solved using this module. After entering data for 
radial load on the bearing, the rotational speed of the shaft, the selected trial value for shaft 
diameter, and a trial value of the L/D ratio, the program calculates the actual length, L, the 
bearing pressure, p, the surface speed, V, and the pV value, and the design value of pV 
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(23calculated pV). It then searches a modest table of possible materials similar to that shown in 
Table 16-1 of the text for one that has a rated pV value closest to but more than the design pV 
value. The nominal diametral clearance for the bearing is also computed, using data shown in 
Figure 16-4 of the text. 

• Please note that the label for the Diameter value on the Input page of this module uses 
the term, ‘Nominal minimum diameter of the journal, Dmu,’. That is not the same as 
the minimum acceptable shaft diameter (based on shaft stress analysis). It should be 
the actual trial diameter for the shaft that is selected by the user and that must be 
eraeater than the minimum acceptable value based on strength. 

• A recommended use for this module is as an aid in selecting commercially available 
sizes and materials for plain surface bearings from vendors such as those listed in the 
Internet sites for Chapter 16, particularly sites: 2 - Thomson Engineering & Polymers; 3 
- Saint-Gobain Performance Plastics; 4 — GGB Bearing Technology; 5 - Graphite 
Metallizing Corporation; 6 — Beemer Precision, Inc.; and 7 — Bunting Bearings 
Corporation. These sites offer catalog data for their products and they list the design pV 
values for the various materials from which the bearings are made. 

• For use of catalog data, users should select a preliminary value for the internal diameter 
and length for a particular bearing and make note of the design pV value for the selected 
material. Then compute the actual L/D ratio. Then enter the dimensions into the 
MDESIGN module (D and L/D), along with other given data for bearing load and 
rotational speed. The computed required “Design value of pV factor” should then be 
compared with the catalog-listed value for the selected material. The suggested material 
given on the module output page should be ignored. Iterations are easily and quickly 
done by trying other sizes until an optimum design is identified. 
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MACHINE ELEMENTS IN MECHANICAL DESIGN 
Fifth Edition 

Robert L. Mott 

Prentice-Hall Publishing Company 
Description of Spreadsheets Included with the Instructors Manual 


Introduction 

The Instructors Manual for this book contains a set of 26 computational aids that are keyed to the book. 
The files are written as Microsoft Excel spreadsheets. 

Many of the spreadsheets appear in the text. Others were prepared to produce solutions for the Solutions 
Manual. The given spreadsheets include data and results from certain figures in the text, from certain 
example problems, or for certain problems from the end of chapters containing the analysis and design 
procedures featured in the programs. 

The following sections give brief descriptions of each spreadsheet. Many are discussed in the text in 
more extensive detail. It is expected that you will verify all of the elements of each spreadsheet before 
using them for solutions to specific problems. 

Using the Spreadsheets: 

• It Is recommended that you maintain the given spreadsheets as they Initially appear on the 
disk, considering them to be master copies. 

• To use a program for solving other problems, call it up in Excel and use the " Save as" 
command to give it a different name. 

• For instance, the original program called Column Analysis should be considered the 
master. Use “Save as” and call it, for example, Column Analysis - Working. Then use that 
version for general problem solving. 

You should study the concepts and the solution techniques for each type of problem before using the 
spreadsheets. You should work sample problems by hand first. Then enter the appropriate data into the 
spreadsheet to verify the solution. In most spreadsheets in the text the data that need to be entered are 
identified by gray-shaded areas and by italic type. 

Descriptions of Spreadsheets 

The descriptions are given here in the order that the subjects for the spreadsheets are covered in the text. 

Column Analysis: Chapter 6. Analyzes straight columns of uniform cross section to determine the 
critical buckling load and the allowable load. The spreadsheet shows results for Example Problem 6-1 . 
U.S. Customary units are used. A description is given in Section 6-8. The process is essentially the same 
as that shown in the flow chart of Figure 6-4. Note that a short macro program in Visual Basic is used to 
decide whether the column is long (Euler) or short (J. B. Johnson) and to complete the calculation of the 
critical buckling load. Be sure that your Excel program enables macros. 

Column Analysis SI: Chapter 6. Same as Column Analysis: except SI units are used. The solution to 
Example Problem 6-2 is given as an example for data entry. 

Circular Column Analysis: Chapter 6. Special version of Column Analysis in which the geometric 
properties of a column with a solid circular cross section are computed when the diameter is input The 
spreadsheet can be used as an iterative design tool to determine the required diameter of a column with a 
circular cross section to carry a given load. See Figure 6-14. 
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Crooked Column Analysis: Chapter 6. Section 6-11. Analyzes the allowable load on a column of 
constant cross section with a given amount of crookedness. Data from Example Problem 6-4 are used as 
shown in Figure 6-16 on page 252. 

Eccentric Column Analysis: Chapter 6. Section 6-12. Computes the required yield strength of the 
material and the resulting maximum deflection of the middle of a column that is loaded eccentrically. Data 
from Example Problem 6-6 are used as shown in Figure 6-18. 

Chain Drive Design: Chapter 7. Design of roller chain drives as described in Section 7-6. User must 
obtain rated power data from Tables 7-7, 7-8, or 7-9 to specify a suitable chain number and number of 
teeth in the smaller sprocket. A service factor must be selected from Table 7-10 in the text. Data from 
Example Problem 7-4 are shown in the master spreadsheet. 

Gear Geometry: Chapter 8. Computes the geometric features of spur and helical gears using the 
relationships in Sections 8-4 and 8-6. Can be used for Problems 1-9 and 41-44. 

Contact Ratio-Spur Gears: Chapter 8. Computes the contact ratio for spur gears using the procedure 
shown in Section 8-4. 

Bevel Gear Geometry: Chapter 8. Computes the geometric features of straight bevel gears using the 
formulas listed in Table 8-8 in Section 8-7 and illustrated in Example Problem 8-3. Two identical programs 
are shown side-by-side. One shows the results of Example Problem 8-3 and the other can be used to 
solve any given problem. 

Wormgearing Geometry, C, VR: Chapter 8. Computes essential geometric features of a worm and 
wormgear, the center distance (C) between their shafts, and the velocity ratio, VR. Uses procedure from 
Section 8-9 as illustrated in Example Problem 8-4. The spreadsheet was used to complete Problems 52- 
57 at the end of the chapter. 

Gears VR Design: Chapter 8. Aids in the specification of the number of teeth in a pinion and gear to 
produce a specified velocity ratio. Uses a procedure similar to that shown in Section 8-1 1 and illustrated 
in Table 8-10. An integer is entered for the number of teeth in the pinion. The program computes the 
required approximate number of teeth in the gear to produce the given velocity ratio. The user then enters 
an integer for the actual number of gear teeth. The program identifies the combination of numbers of 
teeth that produces the minimum differential between the desired ratio and the actual ratio. The 
spreadsheet was used to complete Problems 62-65 at the end of the chapter. 

Spur Gear Forces: Chapter 9. Computes the tangential, radial, and normal forces on spur gear teeth of 
a given design transmitting a given power at a given pinion speed. It uses the method of Section 9-3. The 
spreadsheet was used to complete Problems 1-6 at the end of Chapter 9. The results for Problems 1 and 
2 are shown in the master. 

Spur Gears-Design-U.S.: Chapter 9. Performs a complete design analysis for a pair of spur gears, 
including the essential geometry, tangential force, required bending stress number, and required contact 
stress number. All modifying factors for stress calculations as described in Sections 9-8 to 9-1 1 are 
included. The data from Example Problem 9-4 are shown in the given spreadsheet as illustrated in Figure 
9-25. An extensive discussion of the spreadsheet is given in Section 9-1 3. A feature of the spreadsheet is 
the computation of the required hardness (HB) for through-hardened Grade 1 steel using the equations in 
Figures 9-1 1 and 9-12. The user can then specify suitable materials and list them at the bottom of the 
spreadsheet. 

Geometry Factor-l-Pitting: Chapter 9. Computes the value of the geometry factor, I, used in the 

calculation of contact stress for spur gears in Equation 9-23. Program uses the algorithm from Appendix 
A18. 

Spur Gears-Design-U.S.-With I: Chapter 9. Same as Spur Gears-Design except the geometry factor, /, 
is computed within the program instead of being input by the user. The program Geometry Faetor-h 
Pitting is integrated within Spur Gears-Design. One additional input value is needed for the pressure 
angle, <f>. 
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Spur Gears-Deslgn-Sl: Chapter 9. Similar to Spur Gears-Deslgn: except SI metric data are used as 
described in Section 9-13 and illustrated in Example Problem 9-5. Data from Example Problem 9-5 are 
used in the given spreadsheet. 

Spur Gears-CapacIty-U.S.: Chapter 9. Section 9-1 5. Determines the power transmitting capacity of a 
given set of spur gears considering both bending strength and pitting resistance. The user must input the 
allowable bending stress and allowable contact stress based on the material specified for the pinion and 
the gear using Figures 9-11 and 9-12 and Table 9-5. The spreadsheet includes the computation of the 
required bending stress number, and contact stress number, s ac , based on user-entered hardness 
(HB) for through-hardened Grade 1 steel using the equations in Figures 9-1 1 and 9-12. The user must 
transcribe these values into the spreadsheet if, in fact, this kind of material is specified. 

Plastic Gears- Design: Chapter 9. Completes the design of plastic gears using the procedure from 
Section 9-16. Data are shown for Example Problem 9-7. 

Helical Gears-Deslgn: Chapter 10. Computes the forces on helical gear teeth as described in Section 
1 0-2 and illustrated in Example Problem 1 0-1 . Completes the design analysis for a pair of helical gears as 
described in Sections 10-3 to 10-5 and illustrated in Example Problem 10-3. Used for the solutions to 
Problems 1-1 1 at the end of Chapter 10. 

Helical Gears-Capaclty: Chapter 1 0. Similar to Spur Gears-Capaclty: with modifications for the 
special geometry of helical gear teeth. Used for the solutions to Problems 12 and 13 at the end of 
Chapter 10. The user must input the allowable bending stress and allowable contact stress based on the 
material specified for the pinion and the gear using Figures 9-1 1 and 9-12 and Table 9-5. The 
spreadsheet includes the computation of the required bending stress number, and contact stress 
number, s ec , based on user-entered hardness (HB) for through-hardened Grade 1 steel using the 
equations in Figures 9-1 1 and 9-12. The user must transcribe these values into the spreadsheet if, in fact, 
this kind of material is specified. 

Bevel Gears - Design: Chapter 10. Computes forces and stresses on bevel gears using the methods 
shown in Section 10-9. 

Wormgearing - Design: Computes worm and wormgear geometry values, forces, and stresses for 
wormgearing, using methods and data from Chapter 8 (Section 8-9) and Chapter 10 (Sections 10-10, 10- 
1 1 , and 10-12. The master spreadsheet uses data from Example Problems 8-4, 10-9, and 10-10. 

Keyseat Data: Chapter 1 1 . Computes the data required to dimension keyseats and keyways on shaft 
drawings according to the information in Figure 11-2. 

Shaft Design: Chapter 12. Computes the minimum acceptable diameter for shafts using Equation 12- 
24 when both bending and torsion are present and Equation 12-16 when only vertical shearing stress is 
present. Requires prior analysis for torques, forces, bending moments, pertinent material strengths, 
modifying factors on material strength, and stress concentration factor. The program is typically applied at 
several selected sections of the shaft as illustrated in Design Example 12-1 in Section 12-6. If the location 
being analyzed has a retaining ring installed, the computed minimum shaft diameter is considered to be 
for the base of the ring groove. The spreadsheet computes the nominal full shaft diameter by applying a 
factor of 1 .06 as described at the end of Section 12-4. The data used in the master spreadsheet are for 
one location on the shaft in Design Example 12-1 as illustrated in Figure 12-19 in Section 12-9 where the 
spreadsheet and its use are described. 

Force Fits: Chapter 13, Section 13-8. Stresses for Force Fits. Computes the pressure at the interface 
between mating members assembled with an interference fit (See Section 13-6.) Also computes the 
resulting stresses and deformations for the mating members using the procedure in Section 13-8. Data 
from Example Problem 13-2 are shown in the example. 

Spring Design-Method 1: Chapter 18, Section 18-6. The given spreadsheet uses data and the method 
from Example Problem 18-2 to design a safe helical compression spring for a given loading and to fit 
given geometrical limitations. See Figure 18-16 and the accompanying discussion. 

Spring Design-Method 2: Chapter 19. Similar to Spring Design-Method 1 without the restriction of 
designing to a set of geometrical limitations. See Example Problem 18-3, Figure 18-17, and the 
accompanying discussion. 
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CHAPTER 1 

THE NATURE OF MECHANICAL DESIGN 


Problems 1-14 require the specification of functions and desian 
requirements for design projects and have no unique solution. * 
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CHAPTER 2 

MATERIALS IN MECHANICAL DESIGN 
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1. Ultimate tensile strength is the apparent stress at the 
peak of the stress-strain curve. 

2. Yield point is the value of the apparent stress from the 
stress-strain curve at which there is a large increase in 
strain with no increase in stress. It is the point where 
the stress-strain curve exhibits a horizontal slope. 

3. Yield strength is the apparent stress from the stress- 
strain curve at which there is a large increase in strain 
with little increase in stress for materials that do not 
exhibit a yield point. The offset method is used by 
drawing a line parallel to the straight part of the stress- 
strain curve through a value of 0.2% on the strain axis. 

4. Many low alloy steels exhibit a yield point. 

5. The proportional limit is the apparent stress on the stress- 
strain curve at which the curve deviates from a straight 
line. At this value, the material is usually still 
elastic. The elastic limit is the apparent stress at which 
the material is deformed plastically and will not return to 
its original size and shape. 

6. Hooke's law applies to that portion of the stress-strain 
curve that is a straight line for which stress is 
proportional to strain. 

7 . The modulus of elasticity is a measure of the stiffness of 
a material. 

8.. The percent elongation is a measure of the ductility of a 
material. 

9. The material is not ductile. Materials having a percent 
elongation greater than 5% are considered to be ductile. 

10. Poisson's ratio is the ratio of the lateral strain in a 
material to the axial strain when subjected to a tensile 
load. 


11. From 2 “5 G = E/[2(l+v)] = (114 GPa) / [2 (1+0.33) ] 

G - 42.9 GPa 

j 
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12 . 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20 . 


21 . 

22 . 


23. 
24 . 

25. 

26. 

27. 

28. 


Hardness - 52.8 HRC (Approximate; Appendix /7) 

Tensile strength - 235 ksi (Approximate; Appendix rf) 

14.-17. Errors in given statements: 

A hardness of HB 750 is extremely hard, characteristic of 
the hardest steels in the as— quenched or surface hardened 
condition. Appendix 3 shows annealed steels to have 
hardness values in the approximate range of HB 120 to 230. 

Hardness on the HRB scale is normally limited to HRB 100. 

Hardness on the HRC scale is normally no lower than HRC 20 

The relationship between hardness and tensile strength is 
only valid for steels. 

Charpy and Izod tests measure impact strength. 

Iron and carbon. Other elements are often present. 

In addition to iron and carbon SAtf 4340 steel contains 
nickel, chromium, and molybdenum. (Table 2-3) 

Approximately 0.40% carbon in #^4340 steel. 

Low-carbon: Less than 0.3% 

Medium-carbon: 0.30% to 0.50% 

High-carbon: 0.50% to 0.95% 

Typically a bearing steel contains 1.0% carbon. 

Lead is added to 12L13 steel to improve machinability 

Shafts are often made from SAe /c/o' 4140 , 4640, 5150, 

6150, and 8650 steels. (Table 2-9) 

Gears are often made from Stfe 10 Vo, 4140, 4340, 4640, 
5150, 6150, and 8650 steels. (Table 2-9) 

The blades of a post hole digger should have good wear 
resistance, high strength, and good ductility. SAf 1080 
steel is a reasonable choice. 

5160 OQT 1000 is a high-carbon, chromium steel, 
containing approximately 0.60% carbon and 0.80% chromium. 
It was heat treated by heating above its upper critical 
temperature, quenched in oil, and then tempered at 1000 
degrees Fahrenheit. It has fairly high strength (s y = 151 
ksi or 1040 MPa) and good ductility (14% elongation) . 


29 . 


30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 


In general, a high hardness with good ductility are 
desirable for machine parts and tools subjected to impact 
loads as seen by a shovel. A hardness of HRC 40 
corresponds to approximately HB 375 and is considered 
moderately hard. While this is a good level, even a higher 
value up to HRC 50 (HB 475) would be better, provided 
ductility is fairly high, say about 15% elongation. 

Appendix 3 shows some forms of oil-quenched SAG 1040 and 
none listed have sufficiently high hardness. Appendix 4-1 
shows the same material quenched in water and tempered. 

1040 WQT 700 has a hardness of HB 401 (HRC 43) with 
approximately 20% elongation and a yield point of 92 ksi. 

Through hardening involves heating the entire part followed 
by quenching to achieve the hardened condition. Except for 
some variation in thick sections, the part is hardened 
throughout. But no chemical composition changes occur. In 
carburizing, the chemical composition of the surface is 
changed by the infusion of carbon. Thus, carburizing 
results in a hard surface while the core is softer. 

Induction hardening is a heat treating process in which the 
area to be hardened is subjected to a high-frequency 
electric current created by a coil, inducing current flow 
near the surface of the part and causing local heating. 
After sufficient time to bring the surface to a temperature 
above the upper critical temperature of the material, the 
part is quenched to harden the surface. 

Some carburizing grades of steels are SAE 1015, 1020, 

1022, 1117, 1118, 4118, 4320, 4620, 4820, 8620 and 9310. 

The carbon content ranges from 0.10% to 0 .20% . A?P. A~S. 

The AISI 200 and 300, series of stainless steels are 
nonmagnetic . 


Chromium gives stainless steels good corrosion resistance. 

ASTM flQQZ structural steel is used for most wide-flange 
beams . 

HSLA structural steels are high-strength, low-alloy steels 
having yield strengths in the range of 42 - 100 ksi (290 - 
700 MPa. 

Three types of cast iron are gray iron, ductile iron, and 
malleable iron. 

ASTM A48 , Grade 30 is a gray iron with a tensile 

strength of 30 ksi (207 MPa) ; no yield strength; less 
1% elongation (brittle) ; modulus of elasticity (stiffness) 
of /^xios psi ( \\n GPa) . 



Problem 38. (continued) 

ASTM A536‘ Grade 100-70-03 is a ductile iron with a 
tensile strength of 100 ksi (689 MPa); a yield strength of 
70 ksi (483 MPa); 3% elongation (brittle); modulus of 

elasticity (stiffness) of IH xlO 6 psi (/<£” GPa) . 

ASTM A47 , Grade #2f/D is a malleable iron with a tensile 

strength of 5® ksi OVf MPa); a yield strength of 3z.f ksi 
( IZ4 MPa); /o% elongation (ductile); modulus of elasticity 

(stiffness) of 25xl0« psi (172 GPa) . 

ASTM A220, Grade 70003 is a malleable iron with a tensile 
strength of 85 ksi (586 MPa) ; a yield strength of 70 ksi 
(483 MPa) ; 3% elongation (brittle) ; modulus of elasticity 

(stiffness) of 26xl0« psi (179 GPa) . 

39. Powdered metals are preformed in a die under high pressure 
and sintered at a high temperature to fuse the particles. 
Re-pressing after sintering is sometimes used. 

40. Parts made from Zamak 3 zinc casting alloy typically have 
good dimensional accuracy and smooth surfaces , a tensile 
strength of approximately 41 Ksi (283 MPa) , a yield 
strength of 32 Ksi (221 MPa) , 10% elongation, and a modulus 
of elasticity of 12.4x10 s psi (85 GPa). (Appendix 10) 

41* Type D tool steels are typically used for stamping dies, 
punches, and gages. (Table 2-11 ) 

42. The suffix O on aluminum 6061-0 indicates the annealed 
condition. 

43. The suffix H on aluminum 3003-H14 indicates that it was 
strain hardened. 

44. The suffix T on aluminum 6061-T6 indicates that it was heat 
treated. 

45. Aluminum IHG - T6 has the highest strength; tensile strength 
= 68 ksi ( Gc »7 MPa) ; yield strength =* IB ksi (£28 MPa) . 

46. Aluminum alloy 6061 is one of the most versatile. 

47. Three typical uses of titanium alloys are aerospace 
structures, chemical processing equipment, and marine 
hardware . 

Bronze is an alloy of copper with tin, aluminum, lead, 
phosphorus, nickel, zinc, manganese, or silicon. 


to 


48. 


49. Bronze C86200 is a manganese bronze casting alloy with a 
tensile strength of 95 ksi (655MPa); yield strength of 48 
ksi (331 MPa) ; 20% elongation (ductile) ; modulus of 
elasticity of 15xl0 6 psi (103 GPa) . 

50. Bronze is used for gears and bearings. 

51. Thermosetting plastics undergo a chemical change during 
forming resulting in a structure of cross-linked molecules. 
The process cannot be reversed or repeated. Thermoplastic 
materials can be formed repeatedly by reheating because the 
molecular structure is essentially unchanged during 
processing. 

PET) 

52. a) Gears: Nylon, polycarbonate, acetal, .polyurethane 

elastomer, phelolic. b) Helmets: ABS and polycarbonates, 

c) Transparent shield: Acrylic, d) Structural housing: Per, 

ABS, polycarbonate, acrylic, PVC, phenolic, polyester/glass 
composite, e) Pipe: ABS, PVC. f) Wheels: Polyurethane 

elastomer, g) Switch parts: polyimide, phenolic , Per. 

53. Designers of parts to be made from composite materials can 
control 1) base resin, 2) reinforcing fibers, 3) amount of 
fibers, 4) orientation of fibers, 5) number of layers, 6) 
overall thickness, 7) orientation of layers, 8) 
combinations of types of materials . 


54. 


55. 


56. 


57. 


58. 


59. 


Compos ite materials are comprised of two or more different 
materials, typically a resin reinforced by fibers. 

Resins used for composites include polyesters, epoxies, 
polyimides, PhsaHlu.> CAu- nr&Unsers') / tWteAb : Pe. p/)j 

PCZK , PPS , PYC, 

Reinforcing fibers used for composites are glass, boron, 
aramid, and carbon /graphite . 

Sporting equipment is made from glass/epoxy, boron/epoxy, 
and graphite /epoxy composites . 

Aerospace structures are made from glass/epoxy, 
boron/epoxy, graphite/epoxy, and aramid/epoxy composites . 

Sheet molding compound is typically a glass /polyester 
composite. 


SMC's are used for auto and truck body panels and large 
housings . 

Reinforcing fibers are produced as continuous filaments, 
chopped fibers, roving, fabric, yarn, and mats. 
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62. Wet processing of composites involves the layup of fabric 
reinforcing sheets on a form, saturation of the sheets 
with the resin, and curing under heat and pressure. 

63. Preimpregnated composite materials are produced with the 
resin already on the fibers in a convenient form, called 
a prepreg. The prepreg is layered onto the form and 
cured. 

64. SMC's are preimpregnated fabric sheets formed in a mold 
and cured simultaneously under heat and pressure. 

65. Pultrusion is a process of coating the fiber 
reinforcement as it is pulled through a heated die to 
produce a continuous form such as tubing , structural 
shapes, rod, and hat sections used to stiffen aircraft 
structures. 

66. In the filament winding process, continuous filaments are 
placed around a mandrel in a controlled pattern and then 
cured. The process is used for pipe, pressure vessels, 
rocket motor cases, containers and enclosures. 

67 . Specific strength is the ratio of the strength of a 
material to its specific weight. 

68. Specific stiffness is the ratio of the modulus of 
elasticity of a material to its specific weight. 

69 . Many composites have significantly higher values of 
specific strength and specific stiffness them metals. 

70 - 73 refer to Figure 2-2-3 and Table 2-/7- 

General conclusions from Questions 70 - 73: The specific 

strengths of the metals listed range from 0 . I94xl0 6 to 
1 . 00x106 in, approximately a factor of 5.0. The specific 
stiffnesses cure very nearly equal for all metals listed, 
approximately 1.0x10 s in. The specific strengths of the 

composites listed range 1.87 to 4.80x10® in, much higher 
than any of the metals. Glass/epoxy has a specific 
stiffness about 2/3 that of the metals. The_ other 
composites listed range from 2.2 to @.3 times as stiff as 
the metals. 

See Section 2-/7. for answers to Questions 74 to /b 
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Supplementary Proplems - Chapter 2 

1. Poisson’s ratio: a) Carbon steel - 0.29; c) Lead - 0.43; e) Concrete - 0.10 to 0.25 

2. See Section 2-2, subsection: Flexural Strength and Modulus, and Figure 2-5. 

3. Erosive, abrasive, adhesive, fretting, surface fatigue 

4. From Table 2-6: 14 alloys listed, Examples: ASTM A36, SAE 1018 HR or CD, SAE 1045 HR 

or CD, SAE 8620 CD. 

5. From Table 2-6: SAE 304 and SAE 316 

6. From Table 2-6: Six alloys listed, Examples: 2024-T4, 3003-H14, 6061-T6, 6063-T6 

7. From Section 2-3: ASTM International, AISI, SAE 

8. From Section 2-3: Aluminum Association 

9. From Table 2-7: a) DIN 42CrMo4 or W-1.7225; b) BS 708A42; c) EN 42CrMo4; d) GB 

ML42CrMo4; e) JIS SCM 440H 

10. From Table 2-7: a) DIN C45 or W-1.0503; b) BS 060A47; c) EN C45; d) GB 699-45; 

e) JIS S45C 

11. From Table 2-7: a) DIN X6Crl7 or W-1.4016; b) BS 430S17; c) EN X6Crl7; d) GB 

MLlCrl7; e) JIS SUS430 

12. From Table 2-7: a) DIN AlZnMgCul.5 or W-3.4365; b) BS L.95, L.96; c) EN AlZn6MgCu 

13. Water, brine, mineral oil, water-soluble polyalkylene glycol (PAG) 

14. From Section 2-6: Fine steel or cast iron shot is projected at high velocity on critical surfaces 

to produce residual compressive stress that tends to improve the fatigue strength. 

15. From Table 2-10: ASTM A27/A27M; A915/A915M; A128/A128M; A148/A148M 

16. From Table 2-10: ASTM A757; ASTM A351; ASTM A216; ASTM A389 

17. Carbidic austempered ductile iron - used for: railroad rolling stock, earthmoving equipment, 

agricultural machinery, crushers 

18. From Section 2-10: White iron is made by rapidly chilling a casting of gray iron or ductile 

iron during solidification. ASTM Standard A532 describes the process. Used to improve 
wear resistance for ball mills, crushers, mixing equipment, and material handling devices. 

19. From Section 2-1 1 : Powders are pressed to their basic form and then heated to sinter the 

powder particles into a strong solid. 

20. From Section 2-11: Powders are compressed by a flexible membrane in a hermetic chamber 

to produce a high density; may be done cold or at elevated temperatures. 

21. From Section 2-1 1 : Metal powders are fed into an injection molding machine to form a green 

part that is then sintered to complete the solidification and bonding processes. 

22. From Section 2-11: Metal powders are first pressed and sintered, then forged in a closed-die 

press to achieve final form and properties. 

23. From Table 2-12: Carbon steel F-0008-HT, s u = 85 ksi (590 MPa); 


Low-alloy steel FL-4405-HT, s u = 160 ksi (1 100 MPa); 

Diffusion-alloyed steel FD-0205-HT, s u = 130 ksi (900 MPa); 

Sinter-hardened steel FLC-4608-HT, s u = 100 ksi (690 MPa) 

24. From Table 2-12: a) Nickel silver- CNZ-1818; s u = 20 ksi (1 18 MPa) 

b) Bronze - CTG-1001; (no strength listed; used for bearings) 

c) Copper - C-0000; No strength listed; used for electrical applications 

d) Al uminu m - s u = 32 ksi (221 MPa) 

25. From Section 2-1 1 : Projected surface area less than 50 in 2 (32 000 mm 2 ) 

26. From Section 2-12: Aluminum casting alloys: 202, 222, 319, 360, 413, 444, 512, 535, 712, 

771, 850, 852. Others available. 

27. From Section 2-12: Aluminum 2014, 2024, 6061 

28. From Section 2-13: Zinc alloy No. 3 or Zamak 3. 

29. From Section 2-13 and Appendix A10-1: Zinc ZA-8, s u = 54 ksi (374 MPa) 

ZA-12, s u = 59 ksi (404 MPa); ZA-27, s u = 61 ksi (421 MPa) 

30. From Section 2-14: Nickel-based alloys have good corrosion resistance and retain good 

levels of strength at high temperatures. 

31. From Section 2-15: a) Bearing bronze C932001; b) Phosphor bronze C54400; 

c) Muntz metal C37000; d) Manganese bronze C86200; 

e) Copper-nickel-zinc alloy C96200; f) Manganese bronze C67500 

32. From Section 2-15: H-numbers indicate the degree of hardening by strain hardening 

methods; a) H04 - Full hard; b) H02 - Vi hard; c) H01 - 1/8 hard; d)H08 - Spring hard 

33. From Section 2-15: TD temper indicates - solution heat treated and cold worked 

34. From Section 2-15 and Figure 2-18: As the percent cold reduction increases, tensile and yield 

strengths increase and ductility as indicated by percent elongation decreases. 

10% cold work: s u = 133 ksi (917 MPa), s y = 121 ksi (834 MPa), 17% elongation 
40% cold work: s u = 154 ksi (1062 MPa), s y = 142 ksi (979 MPa), 1% elongation 

35. From Section 2-18: Metals, polymers, ceramics, glasses, elastomers, hybrids 

36. From Section 2-18: Foams, sandwich structures, honeycomb structures 

37. From Fig. 2-3 1 : d) Metals, b) ceramics, g) composites, c) polymers, a) wood, 

h) rubbers/elastomers, f) foams 

38. From Fig. 2-32: b) ceramics, d) metals, g) composites, a) wood, c) polymers, f) foams, 

h) elastomers 

39. From Figure 3-32: (lightest to heaviest) e) foams, a) wood, h) elastomers, g) composites, 

d and b) Metals and ceramics (about equal) 
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CHAPTER 3 

STRESS AND DEFORMATION ANALYSIS 


Direct Tension and Compression 
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CHAPTER 4 

COMBINED STRESSES AND MOHR’S CIRCLE 


NOTE: The solutions to Chapter 4 problems 1-30 are shown on the following pages as images 
of the output from the MDESIGN - MOTT software that is included in the text. Each problem 
produces a solution in line with the procedure shown for manual solution in Section 4-4 in 
Chapter 4 of the text and as shown in the four Example Problems in Section 4-5 of the text. 
Problem 4-1 is shown worked out in manual form below and the MDESIGN - MOTT solution is 
shown on the following page. Solutions for all other problems are shown only as the results 
from the MDESIGN - MOTT solutions. Note that jn the MDESIGN-MOTT output, the graphic 
view of Mohr's chxle and the stress elements show the stress values only in os/. 
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oy = 0 ksi 

Results; xxy = 10 ksi 


Maximum principal stress 

ctI = 

24.142 

ksi 

Minimum principal stress 

ct2 - 

-4.142 

ksi 

Maximum shear stress 

xmax= 

14.142 

ksi 

Average normal stress 

cravg = 

10.000 

ksi 

Principal planes 

fa = 

22.500 

O 

ON 

Angle of maximum shear stress 

4»t = 

22.500 

o 

ccw 





10000 psl 


10000 


-4142 ffi 


22.500* 


14142 P fl 


Original stress 
element 


Principal stress 
element 


Maximum shear 
stress element 


0 


Results: 


ax » -85000 
ay = 40000 
Txy = 30000 


psi 

psi 

psi 


Maximum principal stress 

tfl = 

46827.123 

psi 

Minimum principal stress 

ct2 = 

-91827.123 

psi 

Maximum shear stress 

tmax= 

69327.123 

psi 

Average normal stress 

oavg = 

-22500.000 

psi 

Principal planes 

<j)a = 

77.179 

o 

Angle of maximum shear stress 

<K = 

32.179 

o 


cw 


cw 


64.359 


154 . 359 ' 



40000 


-85000 


30000 



Original stress 
element 


Principal stress 
element 


Maximum shear 
stress element 


31 


F 

5J 

Results: 


ox = 40 ksi 

oy = -40 ksi 

Txy = -30 ksi 


Maximum principal stress 

crl = 

50.000 

ksi 

Minimum principal stress 

ct2 = 

-50.000 

ksi 

Maximum shear stress 

xmax= 

50.000 

ksi 

Average normal stress 

aavg = 

0.000 

ksi 

Principal planes 

fa = 

18.435 

O 

ccw 

Angle of maximum shear stress 

fa = 

26.565 

o 

cwto-rmax 




Original stress 
element 




18.435” 


50000 


-50000 

Principal stress 
element 


-50000 


Maximum shear 
stress element 


0 

Results: 


<tx = -80 ksi 

cry = 40 ksi 

xxy = -30 ksi 


Maximum principal stress 

ctI = 

47.082 

ksi 

Minimum principal stress 

ct2 = 

-87.082 

ksi 

Maximum shear stress 

imax= 

67.082 

ksi 

Average normal stress 

aavg = 

-20.000 

ksi 

Principal planes 

— 

76.717 

O 

ccw 

Angle of maximum shear stress 

4>t = 

31.717 

o 

ccw to -rmax 




Original stress 
element 


Principal stress 
element 


Maximum shear 
stress element 



j" ox = -120000 psi 

— ' cry = 40000 psi 

Results: fxy = -20000 psi 


Maximum principal stress 

ol = 42462.113 

psi 

Minimum principal stress 

o2 = -122462.113 

psi 

Maximum shear stress 

xmax= 82462.113 

psi 

Average normal stress 

oavg = -40000.000 

psi 

Principal planes 

<t>o = 82.982 

o 

CON 

Angle of maximum shear stress 

(|>t = 37.982 

o 

con to -rmax 




Original stress Principal stress Maximum shear 

element element stress element 



ox = -120 

kst 





o 

il 

s 

ksi 




Results: TX y ^0 

ksi 




Maximum principal stress 


al = 

42.462 

ksi 

Minimum principal stress 


o2 - 

-122.462 

ksi 

Maximum shear stress 


xmax= 

82.462 

ksi 

Average normal stress 


aavg = 

-40.000 

ksi 

Principal planes 


<t>cr = 

82.982 

O 

Angle of maximum shear stress 


<(>T = 

37.982 

o 




Principal stress 
element 


</3 


Original stress 
element 


Maximum shear 
stress element 


Results: 


ax = 60000 

psi 

ay = -40000 

psi 

TXy = -35000 

psi 


Maximum principal stress 

ctI = 

71032.778 

psi 

Minimum principal stress 

ct2 = 

-51032.778 

psi 

Maximum shear stress 

rmax= 

61032.778 

psi 

Average normal stress 

aavg = 

10000.000 

psi 

Principal planes 

<t>CT = 

17.496 

O 

ccw 

Angle of maximum shear stress 

(j)T = 

27.504 

o 

cw to -rmax 




Principal stress 
element 


Original stress 
element 


HH 


Maximum shear 
stress element 


OX = 120 

ksi 

ay = -40 

ksi 

xxy = 100 

ksi 


Maximum principal stress 

al - 

168.062 

ksi 

Minimum principal stress 

ct2 = 

-88.062 

ksi 

Maximum shear stress 

xmax= 

128.062 

ksi 

Average normal stress 

aavg = 

40.000 

ksi 

Principal planes 

= 

25.670 

O 

CW 

Angle of maximum shear stress 

fa = 

19.330 

o 

CON 




-toooo f>s> 


120000 PSl 


100000 fc/ 


Original stress 
element 


Principal stress 
element 


Maximum shear 
stress element 


T\ 

Results: 


ctx = -100 

MPa 

ay = 0 

MPa 

txy = 80 

MPa 


Maximum principal stress 

crl = 

44.340 

MPa 

Minimum principal stress 

o2 = 

-144.340 

MPa 

Maximum shear stress 

Tmax= 

94.340 

MPa 

Average normal stress 

aavg = 

-50.000 

MPa 

Principal planes 

<|>ct = 

61.003 

O 

Angle of maximum shear stress 

4« = 

16.003 

O 




Original stress 
element 




Maximum shear 
stress element 



* ox = -250 MPa 

L I oy = 80 MPa 

Results: xxy = -110 MPa 


Maximum principal stress 

ctI = 

113.305 

MPa 

Minimum principal stress 

ct2 = 

-283.305 

MPa 

Maximum shear stress 

tmax= 

198.305 

MPa 

Average normal stress 

aavg = 

-85.000 

MPa 

Principal planes 

(Jkt = 

73.155 

0 

CON 

Angle of maximum shear stress 

fa = 

28.155 

0 

con to -xmax 




Principal stress 
element 


Original stress 
element 


Hi 


Maximum shear 
stress element 



Results: 


ox = 50 MPa 

ay = -80 MPa 

Txy = 40 MPa 


Maximum principal stress 
Minimum principal stress 
Maximum shear stress 
Average normal stress 
Principal planes 

Angle of maximum shear stress 


al = 

61.322 

MPa 

ct2 = 

-91.322 

MPa 

tmax= 

76.322 

MPa 

aavg = 

-15.000 

MPa 

<(kj = 

15.804 

o 

cw 

<|rr = 

29.196 

0 

ccw 




Original stress Principal stress Maximum shear 

element element stress element 


ox = 150 
ay = -80 
Results; txy = -40 

Maximum principal stress 
Minimum principal stress 
Maximum shear stress 
Average normal stress 
Principal planes 

Angle of maximum shear stress 


MPa 




MPa 




MPa 





al = 

156.758 

MPa 


ct2 = 

-86.758 

MPa 


xmax= 

121.758 

MPa 


cravg = 

35.000 

MPa 


= 

9.590 

O 


*T = 

35.410 

o 


CON 

on to -tmax 




Original stress Principal stress Maximum shear 

element element stress element 


13 

ox = -150 

MPa 




ay = 80 

MPa 




Results: ray = -40 

MPa 




Maximum prindpal stress 


ol = 

86.758 

MPa 

Minimum prindpal stress 


o2 = 

-156.758 

MPa 

Maximum shear stress 


xmax= 

121.758 

MPa 

Average normal stress 


oavg = 

-35.000 

MPa 

Prindpal planes 


fa = 

80.410 

O 

Angle of maximum shear stress 


fa = 

35.410 

o 


ccw 

ccw to -rmax 




Prindpal stress 
element 


Original stress 
element 


5o 


Maximum shear 
stress element 



cr x ~o 






Original stress 
element 


Principal stress 
element 


Maximum shear 
stress element 


SI 


AT 

Results: 


ctx - 250 
try » -80 
txy = 0 


MPa 

MPa 

MPa 


Maximum principal stress 

ctI = 

250.000 

MPa 

Minimum principal stress 

ct2 = 

-80.000 

MPa 

Maximum shear stress 

xmax= 

165.000 

MPa 

Average normal stress 

aavg = 

85.000 

MPa 

Principal planes 

(()0 = 

0.000 

O 

Angle of maximum shear stress 

= 

45.000 

o 


ccw 


ccwto-tmax 



11603 /f i 
-80.9^0- 


l<f 0 h? a . 


36259 ?£ 


cT/rtfC. ~ 8f‘t Aifa- 


-11603 


/si 



Principal stress 
element 


S'X 


Original stress 
element 


Maximum shear 
stress element 



ox = 50 MPa 

Ll ay = -80 MPa 

Results; txy = -30 MPa 


Maximum principal stress 

ctI = 

56.589 

MPa 

Minimum principal stress 

ct2 = 

-86.589 

MPa 

Maximum shear stress 

imax= 

71.589 

MPa 

Average normal stress 

aavg = 

-15.000 

MPa 

Principal planes 

= 

12.388 

O 

CCW 

Angle of maximum shear stress 

(j)T = 

32.612 

o 

cwto-rmax 




Original stress 
element 


53 


Maximum shear 
stress element 


ay = -300 MPa 

Pocnifr^; = 200 MPa 


Maximum principal stress 

ctI = 

453.113 

MPa 

Minimum principal stress 

ct2 = 

-353.113 

MPa 

Maximum shear stress 

xmax= 

403.113 

MPa 

Average normal stress 

aavg = 

50.000 

MPa 

Principal planes 

<|>a = 

14.872 

O 

cw 

Angle of maximum shear stress 

= 

30.128 

0 

ccw 




Original stress 
element 


Principal stress 
element 


Maximum shear 
stress element 




Original stress Principal stress Maximum shear 

element element stress element 


55 * 


ctx = -30 
oy = 20 

Results Tx y = 

Maximum principal stress 
Minimum principal stress 
Maximum shear stress 
Average normal stress 
Principal planes 

Angle of maximum shear stress 


MPa 

MPa 

MPa 



al 

= 

42 . 170MPa 

a2 

= 

-52 . 170MPa 

max 

= 

47 . 170MPa 

aavg 

= 

-5 . OOOMPa 

<|kt 

= 

61.003° 

cw 

<|>T 

= 

16.003° 

cw 



Tstfo* 



Original stress 
element 


Principal stress 
element 


Maximum shear 
stress element 




Original stress 
element 


Principal stress 
element 


Maximum shear 
stress element 


si 


21 , 

ctx = 40 

Ksi 




ay = 0 

Ksi 




xxy = 0 

Ksi 



RdSUlriq 




Maximum principal stress 

al 


40 . OOOKsi 

Minimum principal stress 

<t2 

= 

O.OOOKsi 

Maximum shear stress 

xmax 

= 

20. OOOKsi 

Average normal stress 

aavg 


20. OOOKsi 

Principal planes 


= 

0.000° 





ccw 

Angle of maximum shear stress 

<f)T 


45.000° 


ccw to -max 




Original stress 
element 


Principal stress 
element 


Maximum shear 
stress element 


S8 


40. OOOKsi 
-40 . OOOKsi 
40. OOOKsi 
O.OOOpsi 
^5.000° 
cw 

0 . 000 ° 

ccw 



22 . 


Results 


ox = 0 
oy = 0 
txy = 40 


Ksi 

Ksi 

Ksi 


Maximum principal stress 
Minimum principal stress 
Maximum shear stress 
Average normal stress 
Principal planes 


01 

02 
xmax 
oavg 
<(>a 


Angle of maximum shear stress 



Original stress 
element 


Principal stress Maximum shear 

element stress element 


59 


23 

Results: 


ox = 38 ksi 

oy = -25 ksi 

txy = -18 ksi 


Maximum principal stress 

crl = 

42.780 

ksi 

Minimum principal stress 

ct2 = 

-29.780 

ksi 

Maximum shear stress 

tmax= 

36.280 

ksi 

Average normal stress 

aavg = 

6.500 

ksi 

Principal planes 

<(>a = 

14.872 

O 




CCW 

Angle of maximum shear stress 

fa - 

30.128 

o 




cw to -rmax 




Original stress 
element 


Principal stress 
element 


Maximum shear 
stress element 


60 



Ij ox = 55 ksi 

— I oy = 0 ksi 

Results; xxy = 0 ksi 


Maximum principal stress 

ol = 

55.000 

ksi 

Minimum principal stress 

cr2 = 

0.000 

ksi 

Maximum shear stress 

xmax= 

27.500 

ksi 

Average normal stress 

oavg = 

27.500 

ksi 

Principal planes 

fa = 

0.000 

O 

ccw 

Angle of maximum shear stress 

fa = 

45.000 

o 

cw to -rmax 




Original stress Principal stress 

element element 


61 


Maximum shear 
stress element 



^ f ox = 22 ksi 

oy = 0 ksi 

Results: xxy = 6.8 ksi 


Maximum principal stress 

al = 

23.932 

ksi 

Minimum principal stress 

g2 = 

-1.932 

ksi 

Maximum shear stress 

xmax= 

12.932 

ksi 

Average normal stress 

aavg = 

11.000 

ksi 

Principal planes 

<j>a = 

15.862 

O 

cw 

Angle of maximum shear stress 


29.138 

o 

ccw 




Original stress 
element 


Principal stress 
element 


Maximum shear 
stress element 


zl> 


ox = -4250 
oy = 3250 

psi 

psi 

Results: 

Txy = 2800 

psi 


Maximum principal stress 

ol = 

4180.011 

psi 

Minimum principal stress 

<t2 = 

-5180.011 

psi 

Maximum shear stress 

Tmax= 

4680.011 

psi 

Average normal stress 

aavg = 

-500.000 

psi 

Principal planes 

tjxj = 

71.626 

o 

CW 

Angle of maximum shear stress 

<|>T * 

26.626 

o 

CW 




Original stress 
element 


6>3 


Maximum shear 
stress element 



Boru P/Z/Ncimc 3r<z e&szs Arg nf/vz/L e 


Input data: 


Combined Stresses and Mohr's Circle 


sff/ie Sj&a/ 


Normal stress acting along x-axis 

O 

o 

cn 

II 

8 

MPa 

Normal stress acting along y-axis 

ay = 100 

MPa 

Shear stress 

Txy = 80 

MPa 


Results; 


Maximum principal stress 

al = 

328.062 

MPa 

Minimum principal stress 

a2 = 

71.938 

MPa 

Minimum principal stress 

o3 - 

0.000 

MPa 

Maximum shear stress 

xmax = 

164.031 

MPa 

Shear stress 

T = 

128.062 

MPa 


Note: Both principle stresses have the same sign (both are tensile or both are compressive). 
User must consider the resulting three-dimensional case. 

Due to compound angles, elements as calculated are not applicable. 



6>i 


Z8 


b ? 7W ftutjafa l fr</ir<fer Mf redr/ur -sMe £/g*/. 


Input data; 


Combined Stresses and Mohr's Circle 


Normal stress acting along x-axis 

ax = 250 

MPa 

Normal stress acting along y-axis 

ay = 150 

MPa 

Shear stress 

Txy = 40 

MPa 


Results: 


Maximum principal stress 

ctI = 

264.031 

MPa 

Minimum principal stress 

ct2 = 

135.969 

MPa 

Minimum principal stress 

ct3 = 

0.000 

MPa 

Maximum shear stress 

xmax = 

132.016 

MPa 

Shear stress 

T = 

64.031 

MPa 


Note: Both principle stresses have the same sign (both are tensile or both are compressive). 
User must consider the resulting three-dimensional case. 

Due to compound angles, elements as calculated are not applicable. 




&cru f/U/JCi/Prtujm&sej aa\* CQ*f££SS ’/rt 


Input data; 




Combined Stresses and Mohr's Circle 


Normal stress acting along x-axis 

ctX = -840 

kPa 

Normal stress acting along y-axis 

ay = -335 

kPa 

Shear stress 

s 

i 

i 

n 

kPa 


Results: 


Maximum principal stress 

ol = 

0.000 

Minimum principal stress 

a2 

-307.936 

Minimum principal stress 

a3 — 

-867.064 

Maximum shear stress 

Tmax = 

433.532 

Shear stress 

T = 

279.564 


Note: Both principle stresses have the same sign (both are tensile or both are compressive). 
User must consider the resulting three-dimensional case. 

Due to compound angles, elements as calculated are not applicable. 
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So 


BcfH f ainciPaL' stoics et faAeo&ss/tfe- cas>is 


Input data: 


Combined Stresses and Mohr's Grde 


Normal stress acting along x-axis 

ox = -325 

kPa 

Normal stress acting along y-axis 

oy = -50 

kPa 

Shear stress 

xxy = -60 

kPa 


Results; 


Maximum principal stress 

al = 

0.000 

kPa 

Minimum principal stress 

ct2 = 

-37.479 

kPa 

Minimum principal stress 

ct3 = 

-337.521 

kPa 

Maximum shear stress 

imax = 

168.760 

kPa 

Shear stress 

T = 

150.021 

kPa 


Note: Both principle stresses have the same sign (both are tensile or both are compressive). 
User must consider the resulting three-dimensional case. 

Due to compound angles, elements as calculated are not applicable. 
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CHAPTER S 

DESIGN FOR DIFFERENT TYPES OF LOADING 
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Dnign and Analysis 0&)fH 


Problems 15 - 18 are open-ended design problems for which there is no unique answer. The General 
Design Procedure from Section 5- <? should be used. The loading and support conditions should be 
compared with the cases described in Section 5-8 to determine the appropriate design stress. A design 
factor should be specified using the guidelines in Section 5-7 When needed, the endurance strength 
should be computed from Equation 5*t> in Section JT-V- 


15. The link is subjected to a fluctuating normal stress. Use Case 5" from Section 5- g See also the 
solution for Problem 1 . 

16. The rod is subjected to a fluctuating normal stress. Use Case F from Section 5-8 See also the 
solution for Problem 4. 

17. The strut is subjected to a fluctuating normal stress. Use Case.*" from Section 5-§ See also the 
solution for Problem 2. 

18. The latch part is subjected to a fluctuating normal stress. Use Case F from Section 5-8 See also 
the solution for Problem 5. 
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ECCENTRIC COLUMN ANALYSIS 


Data from: Problem 6-37 


Solves Equation 113 for design stress and Equation 6-14 for maximum deflection 
Enter data for variables in italics in shaded boxes ' — - . . ~ --- 


Data To Be Entered: 


Length and End Fixity: 

Column length, L = 126 in 

End fixity, K = 1 


Material Properties: 

Yield strength, s y = 46000 psi 

Modulus of Elasticity, E = 2.90E+07 psi 


Cross Section Properties: 

[Note: Enter r or compute r = sqrt(MA) 1 
[Always enter Area] 

[Enter zero for / or r if not used] 

Area, A = 6.020 in 2 

Moment of Inertia, 1= 0 in 4 


Radius of Gyration, r = 


1.410 in 


Values for Eqns. 6-13 and 6-14: 

Eccentricity = e = 3 in 

Neutral axis to outside = c= 2 in 

Allowable load = P a = 17600 lb 


Design Factor 

Design factor on load, N = 


Use consistent U.S. Customary units. 


Computed Values: 


Eq. Length, Le = KL = 

126.0 in 


Column constant, C c = 

111.6 

Argument for secant = 

0.777 for strength 

Value of secant = 

1.4025 

Argument for secant = 

0.449 for deflection 

Value of secant = 

1.1098 

Slenderness ratio, KL/r = 

89.4 


Column is: short 

Req'd yield strength = 

45,896 psi 

Must be less than actual yield strength: 

*y - 

46,000 psi 

Max. deflection, y m - 

0.329 in 


|Note: A and r from Appendix 15-14 


ECCENTRIC COLUMN ANALYSIS 



Solves Equaf >n 6-13 for d sign stress and Equation 6-14 for maximum deflection 

| Use consistent U.S. Customary unite 



Computed Values: 


NOTE: This solution considers the eccentric 
load with bending about the horizontal axis. 


Eq. Length, L a -KL= 40.0 in 


Column const., C c = 70.2 


Argument of sec: 
Value of secant’ 

Argument of sec : 
Value of secant * 


0.855 for strength 
1.5236 

0.494 for deflection 
1.1355 


Slender, ratio, KL/r = 92.4 


Column is: long 


FINAL RESULTS 


Req'd yield strength = 39,954 psl 
Must be less than actual yield strength: 
s y = 40,000 psl 

Max Deflection, = 0.237 In 

See also Solution 38B for buckling about 
the thinner vertical axis. 
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COLUMN ANALYSIS PROGRAM 


Data from: 

Refer to Figure 6-4 for analysis logic 



Use consistent U.S. Customary units. 


Computed Values: 





Column const., C 0 = 70.2 


NOTE: Cross section properties taken with 
respect to the vertical axis because the load is 
central to that axis. But buckling is expected 
about the axis through the thin (0.40 in) section. 


Slender, ratio, KL/r = 347.8 


Column is: long 


Critical Buckling Load ■ 489 lb 


Allowable Load ■ 163 lb 

77i/s value governs the design, not solution 38A 
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ECCENTRIC COLUMN ANALYSIS 


Data from: 1 
Equation 6-14 for maximum 

deflection 

Use consistent 

SI Metric units 


computed Values: 


Eq. Length, L e - KL- 

750.0 mm 


Column const., C 0 = 

63.9 



Argument of sec : 
Value of secant : 

Argument of sec : 
Value of secant : 


0.811 for strength 
1.4512 

0.468 for deflection 
1.1205 


Slender, ratio, KL/r = 102.9 


Column is: long 


FINAL RESULTS 


Req'd yield strength = 389 MPa 

Must be less than actual yield strength: 
Sy= 988 MPa 


Max Deflection, v -.,. 1 


2.41 mm 


Piston rod is sale for P a => 8200 N. 


>03 






[Refer to Figure 6-4 for analysis logic 



m 


| Use consistent U.S. Customary units. 1 




Com puted Values; 

NOTE: Analysis of straight pipe. See also 
Solution 40B for crooked pipe. 

Eq. Length, L e = KL= 156.0 in 


Column const., C e = 


128.3 


Slender, ratio, KL/r= 198.2 


Column is: long 

Critical Buckling Load = 8,101 lb 

Straight Pipe 

Allowable Load = 2,700 lb 

See also Solution 40B for crooked pipe.' 






CROOKED COLUMN ANALYSIS 




Use consistent U.S. Customary units. 


Computed Values: 


Eq. Length, L a = KL = 


156.0 in 


Column const., C c = 


128.3 


Euler buckling load = 


8101 lb 


C j in Eqn. 6-11 = -22074 

C 2 in Eqn. 6-11 = 3.483E+07 


Slender, ratio, KL/r = 


198.2 


Column is: Img 


Straight Column 

Critical Buckling Load = 8,101 lb 


Crooked Column 
Allowable Load a 1,711 lb 


This value governs the use of the pipe. 


See solution for stra'; pi s; P i ot ' m 40A. 
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CHAPTER 7 

BELT DRIVES AND CHAIN DRIVES 
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Problems 38-42 are design problems for chain drives for which there are no unique solutions. 
The general procedure is illustrated above for one possible solution for Problem 38. This and 
the other design problems are shown on the following pages using the spreadsheet that is 
available from the publisher's website for this book. Data for design power per strand from 
Tables 7-7, 7-8, or 7-9 must be used to ensure that the selected chain design has sufficient 
capacity. 



Computed Data: 




Design power 
Speed ratio: 


37.5 hp 
1.94 



Computed no. of teeth-Driven sprocket: 29.06 


Computed Data: 

Actual output speed: 

160.3 rpm 

Pitch diameter-Driver sprocket: 

4.810 in 

Pitch diameter-Driven sprocket: 

9.249 in 

Center Distance, Chain Length and Anf 

}le of Wrap: 


Computed nominal chain length: 102,1 pitches 


Actual chain length 
Computed actual center distance 
Actual center distance 
Angle of wrap-Driver sprocket 
Angle of wrap-Driven sprocket 


102.00 in 
39.938 pitches 
39.938 in 
173.6 degrees 
186.4 degrees 




ill 











Computed Data: 


Required powe tr strand 


Computed no. of teeth-Driven sprocket 


m r ;mpt:pr 


'SSS9 


and Angle of Wrap: 


Computed nominal chain length; 


90.8 




Design power: 
Speed ratio: 


and Teeth Numbers 


Actual output speed 
Pitch diameter-Driver sprocket 
Pitch diameter-Driven so 


Center Distance. Chain Len 


324.3 rpm 
2.563 in 
5.896 in 


Actual chain length 
Computed actual center distance 
Actual center distance 
Angle of wrap-Driver sprocket 
Angle of wrap-Driven sprocket 


45.00 in 
31.573 pitches 
15.787 in 
167.9 degrees ; 
192.1 deg 


CHAIN DRIVE DESIGN 


Initial Input Data: 







CHAIN DRIVE D ESIGN 
Initial Input Data: 



Computed Data: 


Design power: 
Speed ratio: 


56 hp 
2 00 



Required power per strand: 22.40 hp 



Computed no. of teeth-Driven sprocket: 28.00 



Actual output speed: 
Pitch diameter-Driver sprocket: 
Pitch diameter-Driven sorocket: 


250.0 rpm 
4.494 in 

8 931 in 



Computed nominal chain length: 93.1 pitches 


Actual chain length: 
Computed actual center distance: 
Actual center distance: 
Angle of wrap-Driver sprocket: 
Angle of wrap-Driven sprocket: 


94.00 in 
36.432 pitches 
36.432 in 

173.0 degrees ; 

187.0 degrees 


H3 




CHAIN DRIVE DESIGN 



Required power per strand: 1 1 .76 hp 



Computed no. of teeth-Driven sprocket: 70.97 



1 1 .95 hp rating at 2200 rpm 
Check availability from vendor 


Actual output speed 
Pitch diameter-Driver sprocket 
Pitch diameter-Driven sDrocket 


774.6 rpm 
3.989 in 
11 301 in 



Computed nominal chain length: 109.8 Ditches 


Actual chain length 
Computed actual center distance 
Actual center distance 
Angle of wrap-Driver sprocket 
Angle of wrap-Driven sprocket 


55.00 in 
30.110 pitches 
15.055 in 
151.9 degrees 
208.1 degrees 



IH 






CHAIN DRIVE DESIGN 


Computed Data: 


Design power 
Speed ratio: 


140 hp 
2.78 



Required power per strand: 42.42 hp 



Computed no. of teeth-Driven sprocket: 



Computed Data: 


58.33 


miffm >42.94 hp per strand 

Check availability from vendor 


Actual output speed: 
Pitch diameter-Driver sprocket: 
Pitch diameter-Driven sprocket: 


226.3 rpm 
6.710 in 
18.471 in 


Center Distance, Chain Length and Angle of Wrap: 



„„ 

Computed nominal chain I th: 120.4 pitches 


Actual chain length: 
Computed actual center distance: 
Actual center distance: 
Angle of wrap-Driver sprocket: 
Angle of wrap-Driven sprocket: 


120.00 in 
39.815 pitches 
39.815 in 

163.0 degrees 

197.0 degrees 




CHAPTER 8 

KINEMATICS OF GEARS 
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Gear Geometry 
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COMPUTED VALUES 

Gear ratio 

3.000 

Pitch diameter Pinion 

2.500 in 

Pitch diameter Gear 

7.500 in 

Pitch cone angle: Pinion 

18.435 degrees 

Pitch cone angle: Gear 

71 .565 degrees 

Outer cone distance 

3.953 in 

Nominal face width 

1.186 in 

Maximum face width (a) 

1.318 in 

Maximum face width (b) 

1.667 in 


wmmmm 

Mean cone distance 

3.328 in 

Ratio A m /A a 

0.842 

Mean circular pitch 

0.441 in 

mean working depth 

0.281 in 

Clearance 

0.035 in 

Mean whole depth 

0.316 in 

mean addendum factor 

0.242 

Gear mean addendum 

0.068 in 

Pinion mean addendum 

0.213 in 

Gear mean dedendum 

0.248 in 

Pinion mean dedendum 

0.103 in 

Gear dedendum angle 

4.257 degrees 

Pinion dedendum angle 

1 .774 degrees 

Gear outer addendum 

0.087 in 

Pinion outer addendum 

0.259 in 

Gear outside diameter 

7.555 in 

Pinion outside diameter 

2.992 in 



COMPUTED VALUES 


Gear ratio 

2.000 

Pitch diameter: Pinion 

2.500 in 

Pitch diameter Gear 

5.000 in 

Pitch cone angle: Pinion 

26.565 degrees 

Pitch cone angle: Gear 

63.435 degrees 

Outer cone distance 

2.795 in 

Nominal face width 

0.839 in 

Maximum face width (a) 

0.932 in 

Maximum face width (b) 

^'^L000^ 

Mean cone distance 

2.345 in 

Ratio A m /A a 

0.839 

Mean circular pitch 

0.264 in 

mean working depth 

0.168 in 

Clearance 

0.021 in 

Mean whole depth 

0.189 in 

mean addendum factor 

0.283 

Gear mean addendum 

0.047 in 

Pinion mean addendum 

0.120 in 

Gear mean dedendum 

0.141 in 

Pinion mean dedendum 

0.068 in 

Gear dedendum angle 

3.450 degrees 

Pinion dedendum angle 

1 .670 degrees 

Gear outer addendum 

0.061 in 

Pinion outer addendum 

. 0.148 in 

Gear outside diameter 

5.054 in 

Pinion outside diameter 

2.764 in 








V1_ 

Given: N P =\S;N G = 72; P d = 12; 20° pressure angle. 

Computed values: 

Gear ratio otg — Na/Np = 72/18 = 4.000 


Pitch diameter: Pinion d = /Vp/P</ = 1 8/12 - 1 .500 in 

Pitch diameter: Gear D = Ng/Pj = 72/12 = 6.000 in 


Pitch cone angle: Pinion 
Pitch cone angle: Gear 

Outer cone distance 


y = tm x (Np/Nc) = tan' 1 (18/72) =14.03° 
r= tan ''(NqMp) = tan' 1 (72/18) = 75.96° 

A 0 = 0.5£>/sin(T) = 0.5(6.00 in)/sin(75.96°) = 3.092 in 


Face width must be specified: F = 0.800 in Based on the following guidelines: 

Nominal face width: F nom = 0.30 A 0 - 0.30(3 .092 in) = 0.928 in 
Maximum face width: F max = AJ3 - (3.092 in)/3 = 1 .03 1 in 

or Fmax = 10 /P d = 10/12 = 0.833in 


Mean cone distance A m — AmG -A 0 - 0.5F- 3 .092 in - 0.5(0.80 in) - 2.692 in 


Ratio ( AJAc ) = (2.692/3.092) = 0.871 [This ratio occurs in several following calculations] 


Mean circular pitch 

Mean working depth 

Clearance 

Mean whole depth 

Mean addendum factor 

Gear mean addendum 
Pinion mean addendum 

Gear mean dedendum 
Pinion mean dedendum 

Gear dedendum angle 
Pinion dedendum angle 

Gear outer addendum 
Pinion outer addendum 
Gear outside diameter 


Pm = {n/PMAJAJ = (fl/7 2X0.871) = 0.228 in 

h = (2.00IP <i )(A n /A q ) = (2.00/12)(0.871) = 0.145 in 

c = 0.125/1 = 0.125(0.145 in) = 0.018 in 

h m = h + c = 0.145 in + 0.018 in = 0.163 in 

Ci = 0.210 + 0.290/(ffiq) 2 = 0.210 + 0.290/(4.00) 2 = 0.228 

aa = ci h = (0.228)(0.145 in) = 0.033 in 
a P = h-a G =0.145 in - 0.033 in = 0.112 in 

b G = h m - a G =0.163 in -0.033 in = 0.130 in 
bp = h m - a P = 0.163 in- 0.112 in = 0.051 in 

Sg = tan = tan'^O. 130/2.692) = 2.76° 

5p = tari'Chp/Amo) = tan ‘(0.05 1/2.692) = 1.09° 

doG = og + 0.5F tan<5/> 

doo = (0.033 in) + (0.5)(0.80 in)tan(1.09°) = 0.0406 in 
doP = d P + 0.5 F tan^b 

d oP = (0.112 in) + (0.5)(0.80 in)tan(2.76°) = 0.1313 in 
D 0 = D + 2 doG cos r 

Do = 6.000 in + 2(0.0406 in)cos(75.96°) = 6.020 in 


d 0 = d + 2 d oP cos y 

do = 1.500 in + 2(0.13 13 in)cos(14.04°) = 1.755 in 

12H 


Pinion outside diameter 


) 
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COMPUTED VALUES 
Gear ratio 

Pitch diameter: Pinion 
Pitch diameter Gear 
Pitch cone angle: Pinion 
Pitch cone angle: Gear 
Outer cone distance 

Nominal face width 
Maximum face width (a) 
Maximum face width (b) 


Mean cone distance 
Ratio A m /A 0 
Mean circular pitch 
mean working depth 
Clearance 
Mean whole depth 
mean addendum factor 
Gear mean addendum 
Pinion mean addendum 
Gear mean dedendum 
Pinion mean dedendum 
Gear dedendum angle 
Pinion dedendum angle 
Gear outer addendum 
Pinion outer addendum 
Gear outside diameter 
Pinion outside diameter 


4.000 
1.500 in 

6.000 in 
14.036 degrees 
75.964 degrees 

3.092 in 

0.928 in 
1.031 in 
0.833 in 


2.692 in 
0.871 
0.228 in 
0.145 in 
0.018 in 
0.163 in 
0.228 
0.033 in 
0.112 in 
0.130 in 
0.051 in 
2.767 degrees 
1 .090 degrees 
0.041 in 
0.131 in 
6.020 in 
1.755 in 


COMPUTED VALUES 


Gear ratio 

4.000 

Pitch diameter Pinion 

0.500 in 

Pitch diameter Gear 

2.000 in 

Pitch cone angle: Pinion 

14.036 degrees 

Pitch cone angle: Gear 

75.964 degrees 

Outer cone distance 

1.031 in 

Nominal face width 

0.309 in 

Maximum face width (a) 

0.344 in 

Maximum face width (b) 

0.313 in 



Mean cone distance 

0.881 in 

Ratio A m /A a 

0.854 

Mean circular pitch 

0.084 in 

mean working depth 

0.053 in 

Clearance 

0.007 in 

Mean whole depth 

0.060 in 

mean addendum factor 

0.228 

Gear mean addendum 

0.012 in 

Pinion mean addendum 

0.041 in 

Gear mean dedendum 

0.048 in 

Pinion mean dedendum 

0.019 in 

Gear dedendum angle 

3.113 degrees 

Pinion dedendum angle 

1.227 degrees 

Gear outer addendum 

0.015 in 

Pinion outer addendum 

0.049 in 

Gear outside diameter 

2.007 in 

Pinion outside diameter 

0.596 in 



1 2 ^ 
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COMPUTED VALUES 
Gear ratio 

Pitch diameter Pinion 
Pitch diameter Gear 
Pitch cone angle: Pinion 
Pitch cone angle: Gear 
Outer cone distance 

Nominal face width 
Maximum face width (a) 
Maximum face width (b) 

jilifli 

Mean cone distance 
Ratio A m /A 0 
Mean circular pitch 
mean working depth 
Clearance 
Mean whole depth 
mean addendum factor 
Gear mean addendum 
Pinion mean addendum 
Gear mean dedendum 
Pinion mean dedendum 
Gear dedendum angle 
Pinion dedendum angle 
Gear outer addendum 
Pinion outer addendum 
Gear outside diameter 
Pinion outside diameter 


COMPUTED VALUES 


3.000 


Gear ratio 3.000 

0.250 in 


Pitch diameter Pinion 2.000 in 

0.750 in 


Pitch diameter Gear 6.000 in 

18.435 degrees 


Pitch cone angle: Pinion 18.435 degrees 

71.565 degrees 


Pitch cone angle: Gear 71 .565 degrees 

0.395 in 


Outer cone distance 3.162 in 

0.119 in 


Nominal face width 0.949 in 

0.132 in 


Maximum face width (a) 1 .054 in 

0.208 in 


Maximum face width (b)^ 1.250 in 

0.333 in 


Mean cone distance 2.662 in 

0.842 


Ratio A m /A a 0.842 

0.055 in 


Mean circular pitch 0.331 in 

0.035 in 


mean working depth 0.210 in 

0.004 in 


Clearance 0.026 in 

0.039 in 


Mean whole depth 0.237 in 

0.242 


mean addendum factor 0.242 

0.008 in 


Gear mean addendum 0.051 in 

0.027 in 


Pinion mean addendum 0.159 in 

0.031 in 


Gear mean dedendum 0.186 in 

0.013 in 


Pinion mean dedendum 0.077 in 

5.316 degrees 


Gear dedendum angle 3.992 degrees 

2.217 degrees 


Pinion dedendum angle 1 .663 degrees 

0.011 in 


Gear outer addendum 0.065 in 

0.032 in 


Pinion outer addendum 0.194 in 

0.757 in 


Gear outside diameter 6.041 in 

0.311 in 


Pinion outside diameter 2.369 in 






Wormgearing 
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NOTE: On the following two pages are the results of Problems 52-57 giving pertinent 
geometric properties of worms and wormgears and their velocity ratios. The detailed 
calculations follow the pattern illustrated above for Problem 52. The equations come from 
Section 8-4 Equations 8-2° to 8-2S. 

Compare the results to discern how variations in geometry such as diametral pitch and the 
number of threads in the worm affect the overall results. This is especially pertinent to 
Problem 53 in which three different designs for wormAwormgear sets provide the same 
velocity ratio. The single threaded worm produces the smallest center distance and overall 
size of the reducer. But note, also, that it has the smallest lead angle. The lead angle 
increases as the number of threads is increased. On the positive side, the small lead angle 
makes the reducer self-locking. On the negative side, the small lead angle results in lower 
mechanical efficiency as will be shown in Chapter 10, Section 10-11- The designer must 
balance these advantages and disadvantages for each application. 


WORMGEARING 1 

PROBLEM: 52 

WORMGEARING PROBLEM: 53A 

INPUT DATA 


INPUT DATA 


Worm pitch diameter ■ 

1.250 in 

Worm pitch diameter = 

1.000 in 

Diametral pitch = 

10 

Diametral pitch = 

12 

No. of worm threads = 

1 

No. of worm threads = 

1 

No. of gear teeth - 

40 

No. of gear teeth = 

20 

Face width of gear = 

0.625 in 

Face width of gear = 

0.500 in 

COMPUTED RESULTS 


COMPUTED RESULTS 


Circular pitch of gear ■ 

0.3142 in 

Circular pitch of gear = 

02618 in 

Axial pitch of worm = 

0.3142 in 

Axial pitch of worm = 

02618 in 

Lead of the worm = 

0.3142 in 

Lead of the worm » 

0.2618 in 

Lead angle = 

4.574 deg 

Lead angle = 

4.764 deg 

Addendum = 

0.100 in 

Addendum = 

0.083 in 

Dedendum = 

0.116 in 

Dedendum = 

0.096 in 

Worm outside diameter = 

1.450 in 

Worm outside diameter = 

1.167 in 

Worm root diameter = 

1.019 in 

Worm root diameter = 

0.807 in 

Gear pitch diameter = 

4.000 in 

Gear pitch diameter = 

1.667 in 

Center distance = 

2.625 in 

Center distance * 

1.333 in 

Velocity ratio - 

40.00 

Velocity ratio = 

20.00 

WORMGEARING 

PROBLEM: 53B 

WORMGEARING 

PROBLEM: 53C 

INPUT DATA 


INPUT DATA 


Worm pitch diameter = 

1.000 in 

Worm pitch diameter = 

1.000 in 

Diametral pitch = 

12 

Diametral pitch = 

12 

No. of worm threads = 

2 

No. of worm threads = 

4 

No. of gear teeth = 

40 

No. of gear teeth = 

80 

Face width of gear = 

0.500 in 

Face width of gear = 

0.500 in 

COMPUTED RESULTS 


COMPUTED RESULTS 


Circular pitch of gear = 

0.2618 in 

Circular pitch of gear = 

02618 in 

Axial pitch of worm = 

02618 in 

Axial pitch of worm = 

02618 in 

Lead of the worm = 

0.5236 in 

Lead of the worm = 

1.0472 in 

Lead angle = 

9.462 deg 

Lead angle = 

18.435 deg 

Addendum = 

0.083 in 

Addendum = 

0.083 in 

Dedendum = 

0.096 in 

Dedendum = 

0.096 in 

Worm outside diameter = 

1.167 in 

Worm outside diameter = 

1.167 in 

Worm root diameter = 

0.807 in 

Worm root diameter = 

0.807 in 

Gear pitch diameter = 

3.333 in 

Gear pitch diameter = 

6.667 in 

Center distance = 

2.167 in 

Center distance = 

3.833 in 

Velocity ratio = 

20.00 

Velocity ratio = 

20.00 


WORMGEARING PROBLEM: 54 

WORMGEARING PROBLEM: 55 


INPUT DATA 

* 

INPUT DATA 



Worm pitch diameter = 

0.625 in 

Worm pitch diameter ■ 

2.000 in 


Diametral pitch = 

16 

Diametral pitch = 

6 


No. of worm threads = 

2 

No. of worm threads = 

4 


No. of gear teeth ■ 

100 

No. of gear teeth = 

72 


Face width of gear = 

0.313 in 

Face width of gear = 

1.000 in 


COMPUTED RESULTS 


COMPUTED RESULTS 



Circular pitch of gear = 

0.1963 in 

Circular pitch of gear ■ 

0.5236 in 


Axial pitch of worm = 

0.1963 in 

Axial pitch of worm = 

0.5236 in 


Lead of the worm = 

0.3927 in 

Lead of the worm = 

2.0944 in 


Lead angle = 

11.310 deg 

Lead angle ■ 

18.435 deg 


Addendum = 

0.063 in 

Addendum = 

0.167 in 


Dedendum = 

0.072 in 

Dedendum = 

0.193 in 


Worm outside diameter = 

0.750 in 

Worm outside diameter - 

2.333 in 


Worm root diameter - 

0.480 in 

Worm root diameter = 

1.614 in 


Gear pitch diameter = 

6.250 in 

Gear pitch diameter ■ 

12.000 in 


Center distance = 

3.438 in 

Center distance = 

7.000 in 


Velocity ratio = 

50.00 

Velocity ratio = 

18.00 

J 

WORMGEARING 1 

PROBLEM: 56 

WORMGEARING PROBLEM: 57 


INPUT DATA 


INPUT DATA 



Worm pitch diameter = 

4.000 in 

Worm pitch diameter = 

0.333 in 


Diametral pitch = 

3 

Diametral pitch = 

48 


No. of worm threads = 

1 

No. of worm threads = 

4 


No. of gear teeth = 

54 

No. of gear teeth = 

80 


Face width of gear = 

2.000 in 

Face width of gear = 

0.156 in 


COMPUTED RESULTS 


COMPUTED RESULTS 



Circular pitch of gear = 

1.0472 in 

Circular pitch of gear = 

0.0654 in 


Axial pitch of worm = 

1.0472 in 

Axial pitch of worm = 

0.0654 in 


Lead of the worm = 

1.0472 in 

Lead of the worm = 

02618 in 


Lead angle = 

4.764 deg 

Lead angle = 

14.050 deg 


Addendum = 

0.333 in 

Addendum = 

0.021 in 


Dedendum = 

0.386 in 

Dedendum = 

0.024 in 


Worm outside diameter = 

4.667 in 

Worm outside diameter = 

0.375 in 


Worm root diameter = 

3229 in 

Worm root diameter = 

0.285 in 


Gear pitch diameter = 

18.000 in 

Gear pitch diameter = 

1.667 in 


Center distance = 

11.000 in 

Center distance = 

1.000 in 


Velocity ratio = 

54.00 

Velocity ratio = 

20.00 
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Gear Trains - Kinematic Design 


VELOCITY RATIO FOR GEARS 

PROBLEM 62 


DESIRED VR = 

3.1416 

= rr 

NP 

NG 

NG Act 

VR-Act 

DIFF = 

Des VR - VR Act 

16 

50.27 

50 

3.1250 

0.01659 

17 

53.41 

53 

3.1176 

0.02395 

18 

56.55 

57 

3.1667 

0.02507 

19 

59.69 

60 

3.1579 

0.01630 

20 

62.83 

63 

3.1500 

0.00841 

XX 21 

65.97 

(O 

(O 

3.1429 

0.00126 XX 

22 

69.12 

69 

3.1364 

0.00523 

23 

72.26 

72 

3.1304 

0.01116 

24 

75.40 

75 

3.1250 

0.01659 




Min diff = 

0.00126 


VELOCITY RATIO FOR GEARS PROBLEM 64 

DESIRED VR = 6.1644 = l/Id 



NP 

NG 

NG Act 

VR-Act 

o 

T| 

T| 

II 







Des VR - VR Act 


16 

98.63 

99 

6.1875 

0.02309 



17 

104.80 

105 

6.1765 

0.01206 


XX 

I 18 

110.96 

111 | 

6.1667 

0.00225 

XX 


19 

117.12 

117 

6.1579 

0.00652 



20 

123.29 

123 

6.1500 

0.01441 



21 

129.45 

129 

6.1429 

0.02156 



22 

135.62 

136 

6.1818 

0.01740 



23 

141.78 

142 

6.1739 

0.00950 


XX 

24 

147.95 

148 

6.1667 

0.00225 

XX 

"Tu/o £<9uAi~ 
4cLt/n0*/S 


Min diff = 

0.00225 



VELOCITY RATIO FOR GEARS PROBLEM 63 


DESIRED VR- 

1.7321 

* i rs 

NP 

NG 

NG 

VR 

DIFF* 


Actual 

Actual 

DesVR-VRAct 

16 

27.71 

28 

1.7500 

0.01795 

17 

29.44 

29 

1.7059 

0.02617 

18 

31.18 

31 

1.7222 

0.00983 

19 

32.91 

33 

1.7368 

0.00479 

20 

34.64 

35 

1.7500 

0.01795 

r 2_1 

36.37 

36 . 

1.7143 

0,01777 

XX 1 22 

1 38.11 

38 | 

1.7273 

0.00478 XX 

23 

39.84 

40 

1.7391 

0.00708 

24 

41.57 

42 

1.7500 

0.01795 




Min diff = 

0.00478 


VELOCITY RATIO FOR GEARS 

PROBLEM 65 

DESIRED VR = 

7.42 


NP 

NG 

NG 

VR 

DIFF = 



Actual 

Actual 

DesVR-VRAct 

16 

118.72 

119 

7.4375 

0.01750 

17 

126.14 

126 

7.4118 

0.00824 

18 

133.56 

134 

7.4444 

0.02444 

XX 19 

140.98 

141 | 

7.4211 

0.00105 XX 

20 

148.40 

148 

7.4000 

0.02000 

21 

155.82 

156 

7.4286 

0.00857 

22 

163.24 

163 

7.4091 

0.01091 

23 

170.66 

171 

7.4348 

0.01478 

24 

178.08 

178 

7.4167 

0.00333 




Min diff = 

‘ 0.00105 
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Forces on Spur Gear Teeth 
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Forces on Spur Gear Teeth 


Problem 1 
Chapter 9 


a 

Gear speed = 

486.1 

rpm 

b 

VR = m G = 

3.600 


c 

pinion PD = 

1.667 

in 


gear PD = 

6.000 

in 

d 

center distance = C = 

3.833 

in 

e 

pitch line speed = 

764 

ft/min 

f 

torque on pinion shaft = 

270 

lb in 


torque on gear shaft » 

972 

lb in 

g 

tangential force = 

324 

lb 

h 

radial force = 

118 

lb 

i 

normal force = 

345 

lb 



Problem 2 


Chapter 9 


RESULTS: 

a 

Gear speed = 304.4 rpm 

b 

VR = m G = 3.778 

c 

pinion PD = 3.600 in 


gear PD = 13.600 in 

d 

center distance = C = 8.600 in 

e 

pitch line speed = 1084 ft/min 

f 

torque on pinion shaft = 2739 lb in 


torque on gear shaft = 10348 lb in 

g 

tangential force = 1522 lb 

h 

radial force = 554 lb 

1 

normal force = 1620 lb 
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Forces on Spur Gear Teeth 






RESULTS: 

a 

Gear speed = 

752.7 

rpm 

b 

VR = m G = 

4.583 


c 

pinion PD « 

1.000 

in 


gear PD = 

4.583 

in 

d 

center distance = C = 

2.792 

in 

e 

pitch line speed = 

903 

ft/min 

f 

torque on pinion shaft = 

13.70 

lb in 


torque on gear shaft = 

62.77 

lb in 

9 

tangential force = 

27.40 

lb 

h 

radial force = 

9.97 

lb 

1 

normal force = 

29.16 

lb 



RESULTS: 


a 

Gear speed = 

486.1 rpm 

b 

VR = m G = 

3.600 

c 

pinion PD = 

1.667 in 


gear PD = 

6.000 in 

d 

center distance = C = 

3.833 in 

e 

pitch line speed = 

764 ft/min 

f 

torque on pinion shaft = 

270 lb in 


torque on gear shaft = 

972 lb in 

9 

tangential force = 

324 lb 

h 

radial force = 

151 lb 

1 

normal force = 

3581b 






Forces on Spur Gear teeth | 


Problem 5 


Chapter 9 


RESULTS: 

a 

Gear speed 3 304.4 ipm 

b 

VR = m G = 3.778 

c 

pinion PO = 3.600 in 


gear PD = 13.600 in 

d 

center distance * C = 8.600 in 

e 

pitch line speed = 1084 ft/min 

f 

torque on pinion shaft = 2739 lb in 


torque on gear shaft s 1 0348 lb in 

0 

tangential force = 1522 lb 

h 

radial force s 710 lb 

l 

normal forces 1680 ib 



RESULTS: 

a 

Gear speed = 

752.7 rpm 

b 

VR = m G = 

4.583 

c 

pinion TO = 

1.000 in 


gear PD = 

4.583 in 

d 

center distance =C = 

2.792 in 

e 

pitch line speed = 

903 ft/min 

f 

torque on pinion shaft = 

13.70 1b in 


torque on gear shaft = 

62.77 Ib in 

g 

tangential force - 

27.40 Ib 

h 

radial force = 

12.78 Ib 

i 

normal force - 

30.24 Ib 




Gear Manufacture and Quality 


7. See Section 9-4. Form milling, shaping, hobbing, grinding. 

For Problems 8-16, refer to Section 9-5 and Table 9-3 for recommended quality numbers in the A v 
system according to AGMA Standard 2015. Grain harvester: A v = 10. 

8. Grain harvester: A v = 10. 

9. Printing press: A v = 7. 

10. Auto transmission: A v = 6. 

11. Gyroscope: A v = 2. 

12. Analytical quality measurements include index variation, tooth alignment, tooth profile, root 
radius, and runout 

13. AGMA Standard 2015 is currently used. See Table 9-2 for the range of quality numbers in this 
system and the comparisons with prior systems. 

For Problems 14-16, for precision machinery, use the recommendations for machine tool drives in the 
lower part of Table 9-3. The choice of quality number is based on the pitch line speed of the gears. 

14. (From Problem 1). Pitch line speed = 764 ft/min Use A v = 10. 

15. (From Problem 2). Pitch line speed = 1084 ft/min Use A v = 8. 

16. (From Problem 3). Pitch line speed = 903 ft/min Use A v = 8. 

Gear Materials 

Answers for Problems 17 - 25 are found in Sections 9-6 and 9-7. Only brief statements are given here. 

17. Bending stresses are created by the tangential force on the gear teeth acting in a manner similar 
to that on a cantilever. The maximum bending stress occurs in the root of the tooth where it 
blends with the involute tooth form. High levels of contact stress, called Hertz stress, occur in 
the face of the teeth near the pitch line as forces are exerted between the pinion and the gear 
teeth. The probable mode of failure is pitting of the tooth surface. 

18. AGMA standards give allowable bending stress numbers and allowable contact stress numbers 
related to the hardness of the material of the teeth. See Figures 9-11 and 9-12. 

19. Gear steels are typically medium carbon plain or alloy steels that are heat treated by through- 
hardening using a quenching and tempering process. For examples, see Table 9-4,Section 9-7. 

20. The AGMA recommends hardness values from HB 180 to HB 400. See Figures 9-11 and 9-12. 

21. Grade 1 steel is typical commercial quality and is recommended for use in this book. Grades 2 
and 3 require progressively more stringent quality controls on the alloy content and cleanliness 
of the materials. Cost increases dramatically for the higher grades. See AGMA Standard 2004- 
COS or the latest revision. 

22. Grades 2 and 3 may be specified for high-speed aerospace applications, turbine engine driven 
systems, ship propulsion drives, and high-capacity industrial drives such as those in steel rolling 
mills. 


IH I 


23. Case hardening by flame hardening, induction hardening, and carburizing are three processes 
that produce harder surfaces than typical through-hardening. 

24. See AGMA Standard 2001-D04 or the latest revision. 

25. AGMA Standard 2001-D04 provides data for gray cast iron, ductile iron, and bronze. Table 9-6. 

26. From Figures 9-11 and 9-12: 

a. Grade 1; 200 HB: s« = 28.26 ksi; s oc = 93.50 ksi - U.S.: s* = 194.9 MPa; s ac = 644.6 MPa - SI 

b. Grade 1; 300 HB: s« = 36.0 ksi; s oc = 125.7 ksi - U.S.: s * = 248.1 MPa; s « = 866.6 MPa - SI 

c. Grade 1; 400 HB: s rt = 43.72 ksi; s oc = 157.9 ksi - U.S.: s * = 301.5 MPa; s oc = 1088.6 MPa - SI 

d. Using HB > 400 is not recommended. 

e. Grade 2; 200 HB: s* = 36.80 ksi; s oc = 104.1 ksi - U.S.: s * = 253.7 MPa; s ac = 718.5 MPa - SI 

f. Grade 2; 300 HB: s* = 47.0 ksi; s ac = 139.0 ksi - U.S.: s * = 324.0 MPa; s oc = 959.5 MPa - SI 

g. Grade 2; 400 HB: s« = 57.20 ksi; s„ c = 173.9 ksi - U.S.: s« = 394.3 MPa; s oc = 1200.5 MPa - SI 

27. From Figure 9-11: Grade 1: 300 HB. Grade 2: 192 HB 

28. From Table 9-5: Case hardening by carburizing produces 55-64 HRC 

29. From Appendix 5: SAE 1020, 4118, 8620, and others 

30. From Table 9-5: Flame or induction hardening produces 50-54 HRC with materials having high 
hardenability 

31. SAE 4140, 4340, 6150. All have good hardenability 

32. ASTM A536, Grade 80-55-06 has a minimum hardness of 179 HB. 

33. a. s„t = 45.0 ksi; s ac = 170.0 ksi - U.S.: s ot = 310 MPa; s oc = 1172 MPa - SI [Table 9-5] 

b. Sat = 45.0 ksi; s oc = 175.0 ksi - U.S.: s ot = 310 MPa; s oc = 1207 MPa - SI [Table 9-5] 

c. Sot = 55.0 ksi; s oc = 180.0 ksi - U.S.: Sot = 379 MPa; Sac = 1241 MPa - SI [Table 9-5] 

d. Not listed 

e. Sot = 55.0 ksi; s ac = 180.0 ksi - U.S.: Sot = 379 MPa; Soc = 1241 MPa - SI [Table 9-5] 

f. Sot = 5.00 ksi; s oc = 50.0 ksi - U.S.: So, = 35.0 MPa; So, = 345 MPa - SI [Table 9-6] 

g. Sot = 13.0 ksi; s oc = 75.0 ksi - U.S.: Sot = 90.0 MPa; s oc = 517 MPa - Si [Table 9-6] 

h. Sot = 27.0 ksi; s ac = 92.0 ksi - U.S.: Sot = 186 MPa; Soc = 634 MPa - SI [Table 9-6] 

i. Sot = 5.70 ksi; s oc = 30.0 ksi - U.S.: Sot = 39.0 MPa; s oc = 207 MPa - SI [Table 9-6] 

j. So, = 23.6 ksi; s oc = 65.0 ksi - U.S.: So, = 163 MPa; Soc = 448 MPa - SI [Table 9-6] 

k. So, = 12 0 ksi; s ac not listed: Sot = 83.0 MPa; s ac not listed [[Table 9-14] 

l. Sot = 9.0 ksi; s oc not listed: Sot = 62.0 MPa; Sac not listed [Table 9-14] 

34. Depth = 0.027 in [Figure 9-13.] 

35. Depth = 0.90 mm. [Figure 9-13.] 
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Ans. Problem: 36 Computed bending stress number, s* = 35253 psi Pinion 

Ans. Problem: 36 Computed bending stress number, s t = 27514 psi Gear 

Ans. Problem: 48 Computed contact stress number, s c = 175,207 psi Pinion 

Ans. Problem: 48 Computed contact stress number, s c = 175,207 psi Gear 




Ans. Problem: 37 Computed bending stress number, s ( = 32743 pel Pinion 

Ans. Problem: 37 Computed bending stress number, s< = 26940 pel Gear 

Ans. Problem: 49 Computed contact stress number, s e * 172,128 psi Pinion 

Ans. Problem: 49 Computed contact stress number, s c = 172,128 psi Gear 



Ans. Problem: 38 Computed bending stress number, s ( = 8071 pel Pinion 

Ans. Problem: 38 Computed bending stress number, s ( * 6603 psl Gear 

Ans. Problem: 50 Computed contact stress number, s e * 73,669 psl Pinion 

Ans. Problem: 50 Computed contact stress number, s c ■ 73,669 psl Gear 
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Ans. Problem: 39 Computed bending stress number, s, = 2285 psi Pinion 

Ans. Problem: 39 Computed bending stress number, s ( » 1983 psi Gear 

Ans. Problem: 51 Computed contact stress number, s c 3 37,758 psi Pinion 

Ans. Problem: 51 Computed contact stress number, s c * 37,758 psi Gear 
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Ans. Problem: 40 Computed bending stress number, s ( ■ 14850 psi Pinion 

Ans. Problem: 40 Computed bending stress number, s, - 13280 psi Gear 

Ans. Problem: 52 Computed contact stress number, s c = 95,948 psi Pinion 

Ans. Problem: 52 Computed contact stress number, s c = 95,948 psi Gear 
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Ans. Problem: 41 Computed bending stress number, s* = 9458 psi Pinion 

Ans. Problem: 41 Computed bending stress number, s ( * 8134 psi Gear 

Ans. Problem: 53 Computed contact stress number, s c = 78,263 psi Pinion 

Ans. Problem: 53 Computed contact stress number, s c = 78,263 psi Gear 
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Note: Larger part of the total reduction (4.17) In this pair 
Higher diametral pitch • 8 compared to 6 In pair 2 



Note: Smaller part of the total reduction (42.83) In this pair 

Lower diametral pitch - 6 compared to 8 In pair 1 Center Distances and sizes of gears are well balanced 



Note: Equal reduction ratios used for pairs 1 and 2 Larger tace width required for pair 2 (1.15 In) vs. 0.50 In for pair 1 

Equal diametral pitches (16) used for both pairs Stresses higher for pair 2 than for pair 1, requiring higher hardness 



Note: Equal reduction ratios used for pairs 1 and 2 Larger face width required for pair 2 (1.15 In) vs. 0.50 In for pair 1 

Equal diametral pitches (1 6) used for both pairs Stresses higher for pair 2 than for pair 1 , requiring higher hardness 
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DESIGN OF PLASTIC SPUR GEARS 



Application: 






Initial Input Data: 




Computed number of gear teeth: 

62.319 




Computed data: 

Actual Output Speed: n G = 

160.0 rpm 

Gear Ratio: m G = 

3.444 

Pitch Diameter - Pinion: D P - 

1.500 in 

Pitch Diameter - Gear: D s = 

5.167 in 

Center Distance: C = 

6.667 in 

Pitch Line Speed: v t = 

216.4 ft/min 

Transmitted Load: W t = 

38.11 lb 


From Problem 76 

^W! 


'HOSL- ~ 


To produce blade 
speed of 375 ft/min 
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Secondary Input Data 

- Pinion: 




iftjj tifji 



Required Face Width: 

F = 0.219 in 






Actual Bending Stress in Pinion: 

St = 5985 psi 


Secondary Input Data - Gear: 

Tooth Form: 

20 degree full depth 

Same as for pinion 

Safety Factor: 

SF = 1.50 


Same as for pinion 





Face Width - Gear. 

F = 0.220 in 

Same as for pinion 

Actual Bending Stress in Gear 

s t - 4355 psi 

Must be < Sgt 
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DESIGN OF PLASTIC SPUR GEARS 

1 Application: 


iffPI 

r 

| Initial Input Data: 





Computed numbe r of gear teeth: 

Computed data: 
Actual Output Speed: n e = 
Gear Ratio: m G = 


Pitch Diameter - Pinion: 
Pitch Diameter - Gear 
Center Distance: 
Pitch Line Speed: 
Transmitted Load: 


D P = 
D e = 
C = 
v, ■ 
W t = 




58.195 


266.9 rpm 
3.222 
1.500 in 
4.833 in 
6.333 in 
337.7 ft/min 
48.84 lb 



$ Mjgf t , 

Y * 0-SK1 
SF** 1-50 



Required Face Width: 

F = 0.281 in 




jp m 0^3(10 to 


Actual Bending Stress in Pinion: 

St - 5624 psi 



Secondary Input Data 

i -Gear: 



Tooth Form: 
Safety Factor 

20 degree full depth 
SF= 1.50 

Same as for pinion 
Same as for pinion 


Face Width - Gear 

F = 0.300 in 

Same as for pinion 

Actual Bending Stress in Gear 

s t = 4133 psi 

Must be < Sat 





DESIGN OF PLASTIC SPUR GEARS 


Application: 



Computed number of g e ir teeth: 


Computed date: 
Actual Output Speed: n G = 
Gear Ratio: m G - 
D P - 
D g = 

c = 

v t = 
W, = 


Pitch Diameter - Pinion: 
Pitch Diameter - Gear 
Center Distance: 
Pitch Line Speed: 
Transmitted Load: 


Secondary Input Data - Pinion. 


67.048 


21.0 rpm 
4.188 
0.800 in 
3.350 in 
4.150 in 
18.4 ft/min 
107.4 lb 



Required Face Width: 

F = 0.387 in 




wmmsmM 



Actual Bending Stress in Pinion: 

St= 11612 psi 



Secondary Input Data 

- Gear: 




Tooth Form: 20 degree stub Same as for pinion 


Safety Factor SF = 1.25 


Same as for pinion 



Face Width - Gear F = 0.400 in Same as for pinion 


Actual Bending Stress in Gear s* = 8583 psi Mustbe<s rf 


m 



DESIGN OF PLASTIC SPUR GEARS 


Application: 



In Mai Input Data: 



. 




Computed number of gear teeth: 


Computed data: 



49.752 


Actual Output Speed: 

n G - 

120.4 rpm 

Gear Ratio: 

m Q = 

3.571 

Pitch Diameter - Pinion: 

D P = 

0.292 in 

Pitch Diameter - Gear. 

D e = 

1.042 in 

Center Distance: 

C = 

1.333 in 

Pitch Line Speed: 

v, = 

32.8 ft/min 

Transmitted Load: 

W, = 

25.1 lb 


Seamdarykspjit Dam - Pinion: 



Actual Bending Stress in Pinion: s f = 5938 psi 


Seem, ry Input Data - Gear: 


Tooth Form: 


Same as for pinion 


20 degree stub 

Sa fety Factor. SF = 1 .25 Same as for pinion 



Face Width - Gear. F = 0.470 in Same as for pinion 


Actual Bending Stress in Gear s t = 4230 psi Must be < $# 


DESIGN OF PLASTIC SPUR GEARS 


Application: 



Computed data: 


Actual Output Speed: 

n G = 

468.0 rpm 

Gear Ratio: 

m G = 

3.333 

Pitch Diameter - Pinion: 

Dp = 

1.125 in 

Pitch Diameter - Gear: 

d g = 

3.750 in 

Center Distance: 

C = 

4.875 in 

Pitch Line Speed: 

v, = 

459.5 ft/min 

Transmitted Load: 

W t = 

46.7 lb 


Secondary Input Dam - Pinion. 



Actual Bending Stress in Pinion: s f = 5971 psi 


Secondary Input Data - Gear: 


Tooth Form: 20 degree full depth Same as for pinion 
to Fc*m Factor: /£ 

Safety Factor: SF = 1 .75 Same as for pinion 



Face Width - Gear F = 0.420 in 


MJ|g|§P 1281 

Same as for pinion 


Actual Bending Stress in Gear s t = 4363 psi Must be < s# 




CHAPTER 10 

HELICAL GEARS, BEVEL GEARS, AND WORMGEARING 
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DESIGN OF HELICAL GEARS-U.S. I APPLICATION: Small cement mixer driven by a gasoline angina 
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REF: mo" 375 [ Material specification: Steel pinion; Steel gear, Through HT 

Pinion material: SAE 4140 OQT 1000 341 HB 

Gear tnaterial: SAE414Q OQTIOOO 341 HB 
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Problem 10-14 

BEVEL GEARS 


Forces and torque for shaft and bearing load analysis: 

On Pinion Shaft - Torque: 

T P = 

630 lb-in 

Mean radius of pinion: 

^ m = 

1.052 in 

Enter. : pressure angle: 

♦ = 

20 degrees 

On Pinion - Tangential load: 

Wtp = 

598.7 lb 

On Pinion - Radial load: 


206.7 lb 

On Pinion - Axial load: 

W*P - 

68.9 lb 

On Gear Shaft - Torque: 

Tg = 

1890.0 lb-in 

On Gear - Tangential load: 

= 

598.7 lb 

On Gear - Radial load: 

W* = 

68.9 lb 

On Gear - Axial load: 

w x G = 

206.7 lb 

See following page for stress analysis and design details. 
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Onep stole material specification: 

Pinion: HB 31 2 required: SAE 6150 OQT 1 100; HB = 341 
Gear: HB 395 required: SAE 6150 OQT 900; HB = 401 



Problem 10-15 1 

BEVEL GEARS 


Forces and torque for shaft and bearing load analysis: 

On Pinion Shaft - Torque: 

Tp - 

176.4 lb-in 

Mean radius of pinion: 

r m = 

1.093 in 

Enter pressure angle: 

4> = 

20 degrees 

On Pinion - Tangential load: 

Wp = 

161.3 lb 

On Pinion - Radial load: 

Wrp = 

52.5 lb 

On Pinion - Axial load: 

W*P = 

26.3 lb 

On Gear Shaft - Torque: 

T G = 

352.8 lb-in 

On Gear - Tangential load: 

Wk = 

161.3 lb 

On Gear - Radial load: 

w , G = 

26.3 lb 

On Gear - Axial load: 

w x 6 = 

52.5 lb 

See following page for stress analysis and design details. 
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One possible material specification: 

Pinion: HB 266 required: SAE 6150 OQT 1200; HB - 293 
Gear: HB 316 required: SAE 6150 OQT 1100; HB = 341 



Problem 10-16 

BEVEL GEARS 


Forces and torque for shaft and bearing load analysis: 

On Pinion Shaft - Torque: 

Tp = 

370.59 lb-in 

Mean radius of pinion: 


0.938 in 

Enter, pressure angle: 

m 

20 degrees 

On Pinion - Tangential load: 


395.2 lb 

On Pinion - Radial load: 

Wrp = 

135.6 lb 

On Pinion - Axial load: 

= 

47.9 lb 

On Gear Shaft - Torque: 

T e = 

1050.0 lb-in 

On Gear - Tangential load: 


395.2 lb 

On Gear - Radial load: 

Wa = 

47.9 lb 

On Gear - Axial load: 

WxG = 

135.6 lb 

See following page for stress analysis and design details. 
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One possible materiel specification: 

Pinion: HB 321 required: SAE 6150 OQT 1100; HB = 341 
Gear: HB 307 required: SAE 6150 OQT 1100; HB = 341 



Problem 10-17 

BEVEL GEARS 


Forces and torque for shaft and bearing load analysis: 

On Pinion Shaft - Torque: 

T P = 

26.25 lb-in 

Mean radius of pinion: 

I'm = 

0.386 in 

Enter, pressure angle: 

4> = 

20 degrees 

On Pinion - Tangential load: 

Wtp = 

68.0 lb 

On Pinion - Radial load: 

Wrp = 

23.9 lb 

On Pinion - Axial load: 

W xP = 

6.3 lb 

On Gear Shaft - Torque: 

T G = 

99.2 lb-in 

On Gear - Tangential load: 

W«G = 

68.0 lb 

On Gear - Radial load: 

W,g = 

6.3 lb 

On Gear - Axial load: 

W xG = 

23.9 lb 

See following page for stress analysis and design details. 


193 



One possible materiel specification: 

Pinion: HB 283 required: SAE 6150 OQT 1200; HB - 293 
Gear: HB 256 required: SAE 6150 OQT 1200; HB = 293 
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Problems 10*19 and 10*20 


COMPARISON OF THREE PROPOSED DESIGNS 
See details on following three spreadsheets 


Given data: 

Diametral pitch, P d = 
Velocity ratio, VR - 
Output speed (Gear) = 
Worm pitch diameter, D w - 
Gear face width, F = 
Normal pressure angle, <f>„ = 



See comment 
See comment 


Assumed gear is mi 9 from chilled cast / sphor bronze 
Allowable bending stress = 24,000 psi 


Results: 


DESIGN 



Output torque (lb-in), T 0 = 

202 

484 

878 

Output power (hp), Po - 

0.289 

0.691 

1.254 

Gear bending stress (psi) 

19190 

23963 

23987 Limits in Bold 

Allowable bending stress (psi) 

24000 

24000 

24000 

Rated load for surface durability (lb) 

242 

418 

714 Limits in Bold 

Gear transmitted load (lb) 

242 

290 

263 

Efficiency (%) [Problem 20] 

72.9 

84.1 

90.8 

Power input (hp) 

0.396 

0.822 

1.381 

Lead angle (degrees) 

4.76 

9.46 

18.4 

Gear pitch diameter (in) 

1.667 

3.333 

6.667 

Center distance (in) 

1.333 

2.167 

3.833 


Comments on results: 

The given face width is small. Could use F > 0.601 in to maximize effective face width. 

Worm diameter is too large for Design A. See Equations 10-46 and 10-47 

Worm diameter is too small for Design C. See Equations 10-46 and 10-47 

Design A is limited by surface durability 

Designs B and C are limited by bending stress in gear teeth. 

As number of threads in worm increases: 

Lead angle increases 
Efficiency increases 
Torque and power capacity increase 
BUT: Gear size and center distance increase 
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Adjusted output torque until limits reached on either bending or surface durabUH 
Bending stress controls this design 
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PROBLEM 10-24 

COMPARISON OF DESIGNS A and B. 


Note: Also includes a revised Design A with 


a smaller worm diameter and larger gear face width 



Design 


Given data: 

A 

B 

A Revised 

Diametral pitch: 

6 

10 

6 

Threads in worm: 

1 

2 

1 

Teeth in gear 

30 

60 

30 

Worm diameter On): 

2.000 

1.250 

1.750 Design A Rev. - Smaller diameter 

Face width - Gear (in): 

1.000 

0.625 

1 .130 Design A Rev. - Larger face width 

Pressure angle (deg): 

14.5 

14.5 

14.5 

Results: 




Forces - Gear (lb): 




Tangential: 

480 

400 

480 

Radial: 

125 

106 

125 

Axial: 

58 

82 

65 

Forces - Worm (lb): 




Tangential: 

58 

82 

65 

Radial: 

125 

106 

125 

Axial: 

480 

400 

480 

Lead angle (degrees): 

4.76 

9.09 

5.44 Design B - Higher lead angle 

Efficiency (%): 

69.1 

77.6 

70.6 Design B - Higher efficiency 

Power output (hp): 

. 0.381 

0.381 

0.381 

Power input (hp): 

0.552 

0.491 

0.54 Design B OK for o.so hp motor 

Gear pitch diameter (in): 

5.000 

6.000 

5.000 Design A smaller 

Center distance (in): 

3.500 

3.625 

3.375 Design A smaller 

Stress - Wormgear (psi): 

9400 

21171 

8324 Design A - Lower bending stress 

Rated load - Durability Ob): 

1193 

937 

1406 




Design A - OK for sand cast Manganese Bronze 




Design B - OK for sand cast Phosphor bronze 
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[Can use Phosphor bronze based on bending stress in gear. 


IWormgearlng - Design 








CHAPTER 11 

keys, couplings, and seals 
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NOTE: Problems 20-46 call for narrative answers for which the proper information can be 
found in the text. Guidance is provided below for sections in which additional information 
can be found. 

20. Section 11-6 includes discussion of applying set screws to transmit torque. A table of 
approximate holding force capacity vs. set screw size is provided. 

21. Press fit is described briefly in Section 11-6. More discussion follows in Chapter 13. 

22. Section 11-7 describes both rigid and flexible couplings and compares their 
performance. Examples of commercially available couplings are shown and described. 

23. Section 11-8 contains general information about universal joints. 

24. Section 11-9 contains general information about retaining rings and other means of 
locating machine elements axially on shafts and in other devices. Included are collars, 
shoulders, spacers, and locknuts. 

25. to 38. Section 11-10 contains general information about seals. 

39. to 46. Section 11-11 contains general information about seal materials, including 
elastomers. 

40. to 45. A list of 14 elastomers in included in Section 11-11. Following the list of 14, 
elastomers, their general performance capabilities are described. 

46. The required conditions for shafts on which elastomeric seals operate are discussed 
in the last part of Section 11-11. Examples are: 

• Steels, hardened to HRC 30 with tolerances of less than ±0.005 in (0.13 mm) are 
typically used for shafts on which seals operate. The surface must be free of 
burrs with a surface finish of 10 to 20 microinches is recommended. Lubrication 
is recommended. 
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CHAPTER 12 
SHAFT DESIGN 




■\ 


GENERAL NOTES CONCERNING SOLUTIONS TO SHAFT DESIGN PROBLEMS 


• Design values for stress concentrations as given in Section 12-4 are used for the initial 
calculations. These values must be checked once final design details are specified for 
diameters, fillet radii, and other features. 

• Estimates are originally used for the size factors used in calculations because they depend on 
the shaft sizes that are unknown at the start of a design problem. These values must be 
checked once final design decisions have been specified. 

• The choice of the reliability factor, C R , is a design decision. Other values may be preferred. 

• In most cases, the proposed final values for diameters are expected to be safe because trial 
values are typically conservative and because final specified diameters are typically made to 
the next larger preferred size according to Appendix Table A-2. 

• Final specifications for diameters where bearings are to be mounted must await the selections 
for suitable bearings that can accommodate the radial and thrust loads applied to them. This 
process is described in Chapter 14 and the MDESIGN - MOTT software is an excellent tool for 
making those decisions. The computed 'minimum required diameter* from the shaft design 
process should be used as to limit the bearing selection to only feasible sizes. 


Shafts with Only Radial Loads Applied to Them: 

Problems PI through P30 relate to one of the Figures P12-1 through P12-17 showing shafts carrying a 
variety of combinations of gears, belt sheaves, chain sprockets, and a few other items such as a 
flywheel and a propeller-type fan. All of these elements apply only radial loads to the shafts on which 
they are mounted. 

• Problems 1-11 include only forces and torques exerted by gears on shafts. No separate 
solutions for these problems are included here. 

• Problems 12-21 Include only forces and torques exerted by belt drives and chain drives on 
shafts. No separate solutions are included here. 

• Problems 22-30 are comprehensive design problems that use the same shaft assemblies 
that are used for Problems 1-21. The solutions to these problems include the analyses of 
forces and torques and should be used as the solutions for problems 1-21. 

• The parts of the solutions for torques and forces give discrete, single-answers. 

• The remaining parts of the comprehensive shaft designs include many design decisions and 
multiple solutions are possible. The given solutions should be considered examples only. 

There are multiple ways in which the problems PI through P30 may be assigned. The following table 
may help instructors decide how to assign the problems for student solution and may help students 


comprehend how the sets of problems lead to the more general shaft design. Any combination of 
problems may be chosen. 

Torques and Forces Acting Radial to Shaft Comprehensive 

Figure P12-1: PI - Gear B; P14 - Sheave D P22 

Figure P12-2: P2 - Gear C; P12 - Sprocket D; P13- Pulley A P23 
Figure P12-3: P3 - Gear B; P15 - Sprocket C; P16 - Sheaves D, E P24 


Figure P12-4: P4 - Gear A; P19 - Sprockets C, D 

Figure P12-5: P5 - Gear D ; P20 - Sheave A; P21 - Sprocket E 

Figure P12-6: P6 - Gear E; (No separate analysis of Sheave A) 

Figure P12-7: P7 - Gear C; P8 - Gear A 

Figure P12-9: P9 - Gear C; P10 - Gear D ; Pll - Gear F 

Figure P12-17: P17 - Sheave C; P18 - Pulley D 


P25 

P26 

P27 (Includes Sheave A) 
P28 (Includes Sheaves D, E) 
P29 (Includes Sheave B) 
P30 (Includes Fan A) 


Shafts with both Radial and Axial Loads Applied to Them: 

Problems P31 to P34 deal with shafts carrying helical gears and wormgears that produce forces 
directed axially in addition to radial forces. Solutions are only shown for the comprehensive problems 
(12-32 and 12-34) in which the details of the analyses of torques and forces are included. 

Torques and Forces Acting Radial and Axial to Shaft Comprehensive 

Figure P12-31: P31 - Helical Gear B P32 

Figure P12-33: P33 - Wormgear C P34 (Includes Sheave A) 


Other Comprehensive Design Problems 

Problems 35 to 41 contain a variety of loading situations for which the general solution procedure 
must be adapted. Some of the problems involve more than one shaft, considering shafts for mating 
gears and multiple reductions. 

Figure P12-35: P35 - Double reduction helical drive 

Figure P10-8 in Chapter 10: P36 - Bevel gear drive 

Figure P12-37: P37 - Bevel gear drive with two chain sprockets 

Figure P12-38: P38 - Double reduction spur gear drive; design three shafts. 

Figure P12-39: P39 - Drive system consisting of an electric motor, a V-belt drive, a double reduction 
spur gear type reducer, and a chain drive. 

Figure P12-40: P40 - Shaft with three spur gears 

Figure P12-41: P41 - Shaft for windshield wiper mechanism with two levers 
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TOLERANCES AND FITS 
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STRESSES FOR FORCE FITS 
Refer to Figure 13-6 for geometry 

Problem identification: Problem 

Input Data; 

Numerical values in italics must 
be inserted for each problem 

Inside radius of inner member = 
Outside radius of inner memeber = 
Outside radius of outer memeber 3 
Total interference = 
Modulus of outer member = 
Modulus of inner member 3 
Poisson’s ratio for outer member = 
Poisson's ratio for inner member = 

a = 
6 = 
c = 
S 3 
Eo 3 
Et = 
vo 3 
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Pressure at Mating Surface: 
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Using Equation (13-3) 

Tensile Stress in the Outer Member: 
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Using Equation (13-4) 

Compressive Stress in the Inner Member: 

m - 

- Wl psi 

Using Equation (13-5) 

Increase in Diameter of Outer Member: 

So - 

0. O0(,f< in 

Using Equation (13-6) 

Decrease in Diameter of Inner Member: 

St 3 

o.ood tE' in 

Using Equation (13-7) 
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CHAPTER 14 

ROLLING CONTACT BEARINGS 
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CHAPTER 16 

PLAIN SURFACE BEARINGS 


All of the problems In this chapter are design problems with 
no unique solutions* A sample o t each type of design problem is 
shown here. 
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LINEAR MOTION ELEMENTS 


r 


s: 


3 'OOOOLA^ - 3 £ *v" U 

/0 400 c A//**’* 

0SF z'A'2Acm£ 

THe TA-0 . 




A(,=2,8oz m x 

6, 

J /* 

36660 L.& ^ 

£ <340 t4//*,~ S ' V 



rf-c/*tsr 2*YL "3 Z (4^"* r?* 

$_&QQ, L. — (SZdy/ y.ojj*-*? /, 2-3 /«J' 



% m ro ~' > (jro^) ' (/7Y#.}.i3v) 

(j£> — Co-a, 0,963 

fa. 

i’ r i * - ^ ^ 

h£ 


W /r-soj 

PDeV CggQ ’tc^. ~t P ^ ?& oocte.w dtopte) +.. 
P* /, J «2 

Txc ~ /? 7/^ 


<& 


<p- 


f e~<2~d tx-i 1 ?oooo(3,wzS‘'^-(?*€£< f t'*}>l 

L J *■ u#***f-*y*vj 


% 


7j~ 37/2. M-'a+s 

S<? yjA&<? 3 /y -6 o F- =yo#>L& 3 L'p *'/+*'/(> *0./U 7 /At. 

pQp PL -4. 77^ £ J)<g _ 1 /00o( m6y2' t f}y *76t>1 1~77*{,/S)[» t>¥±H)‘~\ 

_^__J - /r£.<^j - ,^V~7>J 


r> 


7T0p 

* 

TA - 303M-A 


/A 


L p yooot- &W LPfJfX. bV+Y) — PL p, 
_J ™r ^rcmv^rc/^) J-22L 



//. 


*r F0 ^ 1 7r * p ' f ~ 

i*L m <a L^Op +£<- 

3 = 7“a^ (J-/^ aP * ' r ^~ ( /U? /sr€, fvJH)) *=■ #7 2-* 
3 = <7,tf£3 A —*-S'£LF- Ucjc/J^q. 



12 . 


J3. 


- _ F l „ fyooo)Cd./t( 7 ) _ ^ 

as - ~ - — — : — O.So oe. 3is A 

-1 Tr TA. 3. 7T ( 3o3) 

/?v= o.SotN % , //?gi<: , ^?£. , /&? Re* 

£ 0 .ft 67 /* AHN 

P * 7~ '**'/ 40 ^[3 Oj) 08 o)/C 3 oca ~ O* 8 £S> A A 


//. r&btrsu* 2/te v /fl cyctef 2t£DAYf SO/AS * 2,/0 X/0^/AAC/f& 

1 Cyc^T /At- x x y/2. * 

A7- £<50 cai V^-Z sc&eto &&?’£>• J L^O^d/n 


VSA 


V& 


7 

AA' 

P' 


- &*>)(••&& .. /n k 


JJ&pL . x 7AdZ± Zo.afijm 
OhT*;*i Af//Q. 


- < £2^^£L-~ <?, 0/7 4 p. 

63000 £ 36 ob> 


/Z\ /=*>£. TTpC Vy-Z. SCF&vJ fr7~ 6ost,& y TBftvei. /.OVt/o/n. 

A tYX/b 8 /#. x ^ycte * - 1 * = 2^7y«r 

2 -V/*) 24 cycier 2,7 tm Z^TDAys 


MtFdlC- r^AftZo/DAl- f' Oi,uLiL g’ctfeu/jr - / 7 -/ Ai 


IB. 


/9, 


a°. 


FKoeikm t& to 
Z 3 .£4*7* /?Jf4 


/ fV /} S /IZl'LOAo- US' An ; ^ = IS (A ^ 

^to'o. Af -■ _£_ = JIJLQmjl _ j&( s ')s*a 7 - Wf MJT y ? sc#?efc/ 
^ 7S At /'*««** /\ T = /lit 

NO&WAL D 0 - SS An An j LEJp - f/nA ~ <1,0 A*/** Fed. fy/OAtf 17i/f?&/)0 
ftp ' ZTO rS /m aA 

Fshd T OF Q ua to FQ/s d / 2 SAn LoAo Foil f * 0 .J 5 . 

To 


FDp 

~ L-t fti Vp 

i2SOOotf(£-o.S^*2) 

*1,0 i rrA,/$)fSti.S) 

E(o n s 

Z 

jrOf -$l 

Z 

Jr (Sod') -(d,/s)(q.d)_ 



To = 8F8 £5" 9 a/./h*« sr (pSB.h z/./tk 


F/A/D Ttifidue TO L OcASd LCM. y-lvs*.n ) 


T, - P 

6 ' “T~ 


■tr f -L 


fz s 000 nCss.S/i ^^ ) 


n Ofi f •£ Lj ^ 

/ c/ ' 29/ a/< /%ah - 29/ 9 /J / /*»< 


~rr(6.M/SaA) -7 

tr/cs.5) tijsfr} 


17 -' I 


<3L5'1 



m* 


\ 22 . 


29. 


ti. 


25. 


\Xb. 


P/A/D (PtuJ&t To P/tiSF /TSJ^A) -4250/**/* Jhi Z^S. MSS' X *f Sc rtEus 

P~- %/n > To - ASB.O aO '/*•* P£ o*\ ffioe.l^. 

V* AT = A/ . * /RfV ztrJSQ. & * */W c 

~T~ IT 7^r 9^ /5 

P~ To A - lG8.6A/,/*s *. 345,1 Aao£ s ~ Z^O S¥7 = ZOO F07im 

P*260,?A»J ^ V^iH,^) 


F/UO LC PD Ariel/ a: a ’•7a/' f^-') .TtsZpL 

iTTPrJ 


fos^- x *‘ t6J>3 


Foe A <5° ~ 5€lf L *C<JN G. 


P/*J£> ]?P ft C /gfii C. 7 l C 


= M^ooo p(pTff) ~0,ZTS\ /l.zVt 

Zn Tu zn lL58 ST) A / "*"*) 


_24£ ctfl a (Fatten s Of ew 0/ T c ’ F - 8500 N f <r*. -// o 
kE&D A-' -Z—~- ® 5oohJ 


e<t&L£r\ 2^- 29 

uselMe OArA, 


r 


✓v , / t, " 77. Z An An ' 

CTo- 

Pf ~ /A 5 Art/tn } L- ~ p- = 3. O ytv^n 

F/a/p roe o uf to Mse loAO) f - o. /s 

Tu = 

Tu ' 1 2 / CO jsf ' /rn/* t: 12 . J 0>7 0/ r /*n 


MJf/ZsCf&tO 
/At'/ 03. 9 An nn 



~l f-TT-f 

.- SSlQk/Lll.fnF) 

-f rr/o./S) (p.3)~ 

2 

_rr - 9 l 

2 

_jrr//z.S\~o>^'l^'> _ 


f/nd roeaoo n Lot / pul loao. f~ t?5st>tfj *-ojs 


T a 


FPp 

z 


it Fp e -L 


ft Pf> A / l 


ATt)N f 

s 


irfyjQUifj -3 
'n(rt*5> tofS(3\ 


r<L~~ 3esp AJ o rm «*■ 3. f Sb A / '/H 


27. 


20, 


za 


PVa/5> PbSTtS/L- ro £4/5 £ L 6 AO ! 2 26 /*»/** ON 3/FS . 

6 20 

.*MMt^/i$.A z a ao/ j 


?-T>/r\ • To* (ZJ 67 MW fmeZ-5] 


W ' FPL 

L 


JVt 


ZJJO IR&a 

t 


3,6 fi&l/ 

P - Fa i- iZ./SIhl'm. [)f 3,67 fiAv/P\ - QIZ/N W-S - /7/7UZ ^ /.WfJs&Q 

L£AO A»«te ^ y.37‘ 

tTF/c/fMCf - £ *_£_L. ' 3S6b*J Cz.*/»*F) ~ 033/ ~33,</% 

— zrrTt / 7.t7(/Z>t,7 /¥,/**. 



0/Ul SCfteiM P£O0L€/« /V , Vtf ~ 2 LSAi&Tft ~*?3.6 ;N 

f/r4D KSTl/Hrf'ft 6f cA/TICAl S PEtsQ , £Q, J'J'JS ' 

/h c / #p*} * ttlAJL 

fsn L *■ 

ef ~ At IM6(H PM, OPS,CP,BaJ* I7f/S I/At. uS a) &T' SWAuAftt 6 jm Th)i 
0O6K, oft oa/ ± Nrm MS? S tTS /h. rfj AM BSTt/^A>re . OSS 
a1/au>(L o/ds fan A % AcihE SsfteM - d — - p-SS'jm — 

fft. dm mcHiNmv If ftM 0 & gtc j ?<5 >tw , 

£ ~ BSltMEtSU </sv<zi£ 0 £:A£tN £ 5 ftr &jn/OS 

k'< ; 9 / O $ " y 

l£ r SF - o Td &$ t i/*AK€ cttn f At jPeld , 


/H, 


l //7 6 X /C VzJi 57 /#) t I/O) ~ ^23<9 j5? 

^ ^ . — ~ ••- — — 


SAft OfatJMMA ifOCC ~ 5 F ~ 3,0 


/}] 

'a^x 


dlL 9 ^^ A? _ - //y^ 

5f 3 


Xi>\ 



CHAPTER 18 

SPRINGS 




m 

J.* = /Z '°/&'7S'-/.<?sy ~/S.3 

B 

L * L * * < 

a 

^ u 'Ft* Ab* ~k) ' ?** 7^.**> Z~9?.8 u»Fs 

L 4 ~ U + F> A* 0 . 82 * + = /, zS’/ai -L^. 

a 

Jz. * ** * 3**7 (> A///>*t+*y 

5 

Ls, = u + FyA = 2 ?• y7/w*~ + yv.y? = 7^.Z9^ 

a 

F? =7 kCu-Lc) 8.9s(z<?.y -z/*)+ J 37 /V^ Z 0 S, 6 s/~f* 

Lf.= Lo +■ %. ZW+ / 2 %is= W, 9 *****-+ 

7 

TO- OD -ZOk,* //ot —Z,(d .6 &S) — 6. 93 /A/ 'jo 

£U-v=» oo -On* /•/*<> - o,oer- / o/S'/n * 

0= ®~/w' iOrt/t.tBT- //‘W=C. 

Is ^ A/ o— j //= 


3 P** « oo -o^ur - -o~as? - :c~ D '%^= cv % 0 s 9 = ^9~^ 


If. +-ZD»S • A/cl= /V-2. - /7~ Z*/ 7 M-T/rB co/t-S 

* = ^ ^ ^^o) = -- 7l,nws 

— /y i ~/* / z = 


AUL 





Ffio/i eQM-L ,* F- ** A*/ - 3. t«) Q/.8 s*a> tyfa.as 4 )) ^ y<t ? <rj * -=r? 

* <?C J /V«. 3C9.v<i) 3 (/7) 

7 -V f 17- SkFjC. , BC/,n)U»,lsX ft VI) _ jysoo ?s; - ?T 

TTCo.Qsl)'*' 

K ■* ^ CrL +. 0* *at j- ~f a* i/r ~ /,/2 

yc-v e y£*.yi) -y ** tf-vy 


£/2o>t f^/dS y/tg- A3- 9 • Mus/clf/ie: 1j -*/ZlCcoPsl F 0 KAV 6 . S&tuice -OX . 


/ o . 


£- -f ■= ^ Zi/ o.soi - <P,yz: ^-/s", c ve-verA, (*VU ^ ca ^ 3 

0J3 U a 0>/8(y> 2-2.) * ^76 /W 

flCTVAL -^b =• 2 - 2 - “Xdtf •* /# 2-2- ^ 0,7(>-** ~8 rcy*M//y<s- S/ftt/up oc&JIL 



2 

*-JF~ 


' Dhj 


= 


O.ZVF^S^f 

rr^ 


+A£f^<lg£2/A/ 


)Z*\ F s ■* A CLi-Ls)* &Vo(y,Vl- /,/%)= 26.4 SL& 

FA>„ StoG,.'} ;Jl- .-S-= ^ 2 O£-- ~ 8 .y 0US/ 

y, j^-3^* 

71 - X. a lySDO PSJ X ZA '°%, Jur - sx? 3 oofs', 730 M/6, A n 

/T/eo/n F/< 4 - /9~<? 2 U&HT- ssa.uics } * /W o 00 fs/ -Affflox. Sy 


Notes concerning Problems 13 - 35: Most of these 

problems are design problems. No single unique solutions exist. 
Sample solutions are shown. 

Problems 13 through 24 are compression springs . Problem 13 
is done by both methods l and 2 as outlined in the text. Others 
are done by one or the other method. In scxne problems only 
summary results are shown. 

Problems 25 through 31 are extension springs . Problem 25 
is worked out in detail. Problems 26 through 30 were designed 
with the aid of a computer program using the same procedure. 

Only summary results are shown. Problem 31 is the stress 
analysis of the ends of the spring. 

Problems 32 through 35 are torsion springs , in each case, 
the design of each end is required. It was assumed that ends 
would be straight with lengths Li and L 2 as shown. The effects 
of the ends on the spring rate were then included in the 
analysis . 
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CHAPTER 20 

MACHINE FRAMES, BOLTED CONNECTIONS, 
AND WELDED JOINTS 
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CHAPTER 21 

ELECTRIC MOTORS AND CONTROLS 


Questions 1-8: See Sections - 21-2 and ;2/-3. 

9. Standard frequency for AC power in the U.S. is 60 hertz. 

10. Standard frequency for AC power in Europe is 50 hertz. 

11. Single phase AC power at 115 and 230 volts. 

12 . Two conductors plus a ground wire . 

13. 480V, three phase is preferred because the current would be 
lower and the size of the motor would be smaller. 

14. Synchronous speed is the speed at which an AC motor tends 
to run at zero load. n 8 = 120 (f)/p, where f is the 

frequency of the power and p is the number of poles in the 
motor. 

15. Full- load speed is the speed of the motor when it is 
delivering its rated torque. 

16. In U . S . : n B = 120 (f)/p = 120 (60) /4 = 1800 rpm 
In France: n s = 120 (f)/p = 120 (50) /4 = 1500 rpm 

17. 2 -pole motor. Zero- load speed approximately 3600 rpm. 

18. n s = 120(f)/p = 120 (400) /4 = 12000 rpm 

19. Two speed motor; 1725 rpm and 1140 rpm 

20. Variable frequency control 
21,22,24 - See Section z/-8. 

23 . National Electrical Manufacturers Association 

25. TEFC - Totally enclosed - fan-cooled. See Section M - 8 . 

26. TENV - Totally enclosed - non-ventilated. Section 2^-8. 

27. NEMA Design 9 - Hazardous locations. Flour can explode. 

TENV because motor may get bathed in water during cleaning 
and to protect food from contaminants from the motor. 


28 . 



30 . 


Locked rotor torque is the torque that a motor can exert 
when the rotor is at rest. Also called starting torque. 

31. A poorer speed regulation means that the motor would slow 
down more when subjected to an increase in torque. 

32 . Breakdown torque is the maximum torque a motor can develop 
during the increase in speed after start or the torque at 
which a motor would be stalled if the torque is increased 
after it is running. 

33. Split-phase; capacitor- start ; permanent -split capacitor; 
shaded pole. 

34. a) Single phase, split-phase AC motor because of the 
moderate starting torque and the change of torque when the 
switch cuts out the starting winding. 

b) Fran Table AI-2, full-load speed = 1140 rpm 

T - 63000 (P)/n = 63000 (. 75) /1140 = 41.4 lb-in 

c) Starting torque = 150% (F.L. torque) 

Te = 1.5(41.4) = 62.2 lb- in (approximate) 

d) Breakdown = 350% (F.L. torque) 

Tb = 3.5(41.4) = 145 lb-in (approximate) 

35. 2 -pole; 1.50 kW rated power. 

b) From Table JI/-2, full -load speed = 3450 rpm 

n = (3450 rev/min) (2m rad/rev) (1 min/60 s) = 361 rad/s 

T = P/n = (1.5x103 N-m/s) / (361 rad/s) =4.15 N-m 

c) Starting torque = 1.5(4.15 N-m) = 6.23 N-m 

d) Breakdown torque = 3.5(4.15 N-m) =14.5 N-m 

36. Fan requires about 18 lb- in of torque at 1725 rpm; low 

starting torque; assume fan cools motor . Recommend 4 -pole- 
single phase permanent split capacitor AC motor. 

Power = Tn/ 63000 = (18) (1725)/63000 = 0.49 hp (use 1/2 hp) 

37. Full load torque about 0.5 N-m at 3450 rpm; high starting 
torque (about 2.8xF.L.T.) due to starting compressor 
against high pressure in the system. Recommend capacitor 
start, single phase, 2 -pole, AC motor. 

n = (3450 rev/min) (2m rad/rev) (1 min/60 s) = 361 rad/s 
P = Tn = (0.5 N-m) (361 rad/s) = 181 N-m/s = 181 watts 

38. Speed is adjusted by varying -the resistance in the rotor 
circuit through an external resistance control. 

F.L. speed = synchronous speed = 720 rpm. (Tabled/ -2) 


All 


39. 



40. Pull-out torque is the torque that would disengage the 
motor from its synchronous speed and cause it to stop. 

41. Universal motors are very small and light weight for a 
given power rating. Some vacuums, appliances, and hand 
tools utilize the high speed of rotation effectively. 

42. A universal motor can operate on DC or almost any frequency 
of AC voltage when operating near its full- load point. 

43. Batteries, generators, rectified AC ; H VO fitstAJ fwc cecci. 

44. See Table QA -7 . 

45. SCR - Silicon controlled rectifier. Used to produce DC 
power from AC. 

46. SCR controls do not produce pure DC power; it has some 
variation, called ripple, due to the AC input. A low- 
ripple control would produce a nearly true DC power. 

47 . Could use a 90V DC motor powered from a NEMA Type K SCR 
power supply to convert 115 V AC to 90V DC power. 

48-50. See Section pif - 11. 

51. The motor would speed up without limit and may fail 
catastrophically . 

52. Speed is proportional to torque. T 2 = Ti (m/n 2 > 

T 2 = (15.0 N-m) (3000/2200) = 20.5 N-m 

53. 56-61. See Sections jj -9, .zj-ll, and 27 - 12 . 

54. NEMA Size 2 motor starter for 10 hp, 220V AC, 3-phase. 

55. NEMA Size 1 motor starter for 1.0 kw, 110V AC, single 
phase. 
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CHAPTER 22 

MOTION CONTROL: CLUTCHES AND BRAKES 
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